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Preface: How to Utilize this Book 

Darren S. Proppe1 

This volume is dedicated to explaining the role that behavior plays in the function and 
ecology of free-living songbirds with a particular focus on its importance in conservation 
and management. Understanding songbird behavior is no small task. Indeed, many 
have dedicated their careers to studying particular aspects of songbird behavior. In 
addition, there is a long history of study on the behavior of animals—often located 
�C�E�T�Q�U�U���F�K�U�R�C�T�C�V�G���•�G�N�F�U���C�P�F���C�E�C�F�G�O�K�E���L�Q�W�T�P�C�N�U�����#�N�V�J�Q�W�I�J���V�J�G���K�P�V�G�I�T�C�V�K�Q�P���Q�H���D�G�J�C�X�K�Q�T���K�P�V�Q��
conservation and management is a relatively new endeavor, many of the underlying 
processes and systems have been explored in detail. In fact, developing a text that 
�O�G�T�G�N�[���G�Z�R�N�Q�T�G�F���D�K�T�F���D�G�J�C�X�K�Q�T���C�U���C���U�E�K�G�P�V�K�•�E���U�V�W�F�[���O�K�I�J�V���J�C�X�G���D�G�G�P���T�G�F�W�P�F�C�P�V�����&�Q�P�C�N�F��
and Lilian Stokes wrote several volumes on bird behavior in the 1980’s [1], and in 2001, 
David Allen Sibley wrote an excellent and accessible text called The Sibley Guide to Bird 
Life and Behavior [2]. Other texts have extensively addressed the song system [3, 4] and 
elements of avian migration [5–7]. Still others have examined the impacts of urbanization 
on birds [8, 9]. In 2014, Dr. John Marzluff published a very informative and easy read 
for a lay audience called Welcome to Subirdia [10]. In part, I cite these texts here to direct 

1Research Director, Wild Basin Creative Research Center, St. Edward’s University 



vi 

 

             

 

 

 

          
 

 

 

you to some of the excellent resources that are available. But I also wish to answer a 
question: Why another book? Our book is distinct from these texts because it explicitly 
addresses behavior in light of the conservation challenges we face in the human era—the 
Anthropocene. My goal in editing this book was to provide a ‘one-stop shop’ for those 
interested in integrating behavior into management or applied research programs. That 
�K�U�� �P�Q�V�� �V�Q�� �U�C�[�� �V�J�C�V�� �[�Q�W�� �Y�K�N�N�� �•�P�F�� �G�X�G�T�[�� �D�K�V�� �Q�H�� �M�P�Q�Y�P�� �K�P�H�Q�T�O�C�V�K�Q�P�� �E�Q�P�V�C�K�P�G�F�� �Y�K�V�J�K�P�� �V�J�G�U�G��
pages—far from it. Rather, we aim to provide the needed groundwork to understand 
basic concepts and to recognize where research has led us at the time of publication. 

Chapters are broken into particular behavioral topics (e.g., habitat selection, foraging, 
personality, etc.). In reality, however, animal behavior is not a discrete set of responses 
that relate only to one topic – or ecological system. Rather, there is much overlap. What 
an animal eats, for example, is related to energetics and foraging strategies, but also 
associated with predation and social information. In the same vein, anthropogenic 
changes will likely alter many behavioral systems. Human-produced noise might impact 
communication directly, but also impact foraging and sexual selection. As the editor, 
I have worked with each author team to keep their chapter within the bounds of 
their particular subset of behavioral systems. But do not be surprised when particular 
behaviors, or particular anthropogenic stressors are addressed within several chapters. 
In fact, this repetition of themes should reinforce the notion that behavioral responses 
operate along a continuum and within a multi-sensory input and response system. To 
suggest, for example, that predation and habitat selection are not connected, and that 
personality would not impact both of these systems would be misleading. Thus, chapters 
are designed to be separate, but overlapping. One positive aspect of interconnected 
themes is the potential that a few management techniques might go a long way towards 
preserving many behavioral systems. 

To provide a foundational understanding of behavior, each chapter begins with 
a primer on the stated behavioral topic. Every chapter is written by experts in their 
particular niche of songbird behavior. Each author team is well published, actively 
�G�P�I�C�I�G�F�� �K�P�� �U�E�K�G�P�V�K�•�E�� �T�G�U�G�C�T�E�J���� �C�P�F�� �Y�G�N�N���T�G�I�C�T�F�G�F�� �D�[�� �V�J�G�K�T�� �R�G�G�T�U���� �*�Q�Y�G�X�G�T���� �G�C�E�J�� �C�W�V�J�Q�T��
was also instructed to write in a style that is accessible to fellow academic researchers, 
on-the-ground managers, and engaged community scientists alike (although we know 
�V�J�C�V�� �O�C�P�[�� �Q�H�� �[�Q�W�� �Y�K�N�N�� �Y�G�C�T�� �C�N�N�� �Q�H�� �V�J�G�U�G�� �J�C�V�U������ �6�Q�� �I�G�V�� �V�J�G�� �E�T�G�C�V�K�X�G�� �L�W�K�E�G�U�� �€�Q�Y�K�P�I���� �G�C�E�J��
author has peppered their text with examples where particular species or systems 
display the behaviors being described. The intentional inclusion of examples was 
designed to display the phenomenal capabilities demonstrated by songbirds, but also 
to accelerate the application of information to your system of interest. These examples 
should also be particularly valuable for managing or conserving species with little 
published information. For example, Otter et al. (Chapter 5) describe that some lekking 
species might be more reliant on characteristics of ambient lighting than most birds [11]. 
Might the system or species that you manage be similar? What elements of your system 
might elevate, or not elevate, the role of light? Of course, most the time our examples 
will not directly address your particular species. But this is one of the beautiful elements 
about studying behavior–there is so much to learn! So, I challenge you to let the text 
push you to think more deeply, and more creatively, about your organisms and systems. 

Once each chapter reviews behavioral fundamentals and the latest research, the 
authors move on to describe some of the primary threats stemming from the human 
alteration of native habitats and ecosystems. Perhaps this is the crux of the text. If we 
are going to successfully maintain diverse songbird populations and communities, we 
must recognize the threats to their established behavioral systems–which may go way 
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�D�G�[�Q�P�F�� �U�V�T�W�E�V�W�T�C�N�� �Q�T�� �X�G�I�G�V�C�V�K�X�G�� �E�J�C�P�I�G�U�� �V�Q�� �J�C�D�K�V�C�V���� �#�I�C�K�P���� �U�R�G�E�K�•�E�� �G�Z�C�O�R�N�G�U�� �H�T�Q�O�� �V�J�G��
�U�E�K�G�P�V�K�•�E�� �N�K�V�G�T�C�V�W�T�G�� �C�D�Q�W�P�F���� �C�N�N�Q�Y�K�P�I�� �V�J�G�� �T�G�C�F�G�T�� �V�Q�� �F�G�N�X�G�� �O�W�E�J�� �O�Q�T�G�� �F�G�G�R�N�[�� �K�P�V�Q�� �V�J�G��
topics they deem most pertinent or interesting. In each case, threats are followed by the 
presentation of potential solutions. On this front, some authors are fortunate to be able 
to report on protocols that have already been implemented, or experimental solutions 
that offer promise. Others must recognize that the solutions are yet forthcoming. But 
hopefully that is why you are reading this book – to play an active role in developing 
solutions that can sustain behavioral systems in songbirds, and thus their existence, in 
a world that is changing with incredible speed. Understanding the required habitats 
utilized by birds is critical, but failing to integrate the role of behavior into management 
is likely to produce subpar results. It is my hope that reading this book will lead you 
to agree, and that it will spur the development of holistic and novel techniques for 
managing songbirds. 
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Chapter 1 
Static Organisms in a 

Changing System? 
Darren S. Proppe1 

Introduction 

Domestic chickens are known for simple, predictable, and often stereotyped behavior. 
Eat, sleep, eat, sleep, eat, sleep… repeat. Although chickens are not songbirds, I open 
with this species here as an example of an organism with which many people are 
familiar; one that vividly portrays the types of behaviors that lead many to believe the 
actions of organisms are by-in-large static. But for those who have owned and raised 
chickens, or for that matter any domestic animal, the story is more complicated. Some 
chickens choose to feed primarily from a food cup while others forage predominantly 

1Research Director, Wild Basin Creative Research Center, St. Edward’s University 
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�Q�P���V�J�G���I�T�Q�W�P�F�����5�Q�O�G���K�P�F�K�X�K�F�W�C�N�U���H�Q�N�N�Q�Y���V�J�G�K�T���Q�Y�P�G�T�U���K�P�E�G�U�U�C�P�V�N�[�����Y�J�K�N�G���Q�V�J�G�T�U���€�G�G���H�T�Q�O��
human presence. Even behavior within an individual is not static. Not long ago, an 
unfortunate dog attack left one of my chickens severely injured. Although the chicken 
made a full recovery, her behavior was forever altered. The sound of a dog bark sent 
this free-ranging chicken in a full sprint back to the safety of the enclosed coop. Before 
her incident with the dog, she responded to an audible dog bark by merely raising, and 
�U�Q�O�G�V�K�O�G�U���E�Q�E�M�K�P�I���J�G�T���J�G�C�F�����1�V�J�G�T���E�J�K�E�M�G�P�U���K�P���V�J�G���U�C�O�G���€�Q�E�M���E�Q�P�V�K�P�W�G�F���V�Q���G�Z�J�K�D�K�V���Q�P�N�[��
this minimal response to the acoustic sounds of a potential canine predator. They had 
not experienced a fear-inducing interaction with a dog, and did not socially learn fear 
behavior from the injured chicken. Thus, they had no learned fear response as a result. 

While an experienced chicken owner will likely recognize the presence of among-
individual and within-individual variation in behavior, an educated owner also knows 
that some behaviors are largely static. No one expects that domestic chickens will 
suddenly become migratory. Nor will they begin building nests in trees, or nests at all 
for that matter. More narrowly, if an owner desires regular egg production, they must 
�R�T�Q�X�K�F�G�� �V�J�G�� �T�K�I�J�V�� �G�P�X�K�T�Q�P�O�G�P�V�C�N�� �E�Q�P�F�K�V�K�Q�P�U�M�Y�J�K�E�J�� �K�P�E�N�W�F�G�U�� �C�� �T�G�N�C�V�K�X�G�N�[�� �E�Q�P�•�P�G�F�� �F�T�[��
space with soft bedding. In fact, the importance of understanding and accommodating 
behavior is rarely lost on one who own pets or livestock. Dog owners speak regularly 
about good or bad behavior, and often elaborate about their pet’s personality. Ranchers 
know which heifer or horse to be wary of, and farmers know which goat or rooster 
should not be left with children. Despite the clear acknowledgement that behavior plays 
a role in the care of captive animals, behavior has not received the same attention when 
it comes to the management of non-captive organisms. 

�+���Q�R�G�P���V�J�K�U���K�P�V�T�Q�F�W�E�V�Q�T�[���E�J�C�R�V�G�T���D�[���R�T�Q�X�K�F�K�P�I���V�J�G���F�G�•�P�K�V�K�Q�P���Q�H���D�G�J�C�X�K�Q�T�����C�P�F���D�T�K�G�€�[��
�F�G�U�E�T�K�D�K�P�I�� �V�J�G�� �J�K�U�V�Q�T�[�� �Q�H�� �D�G�J�C�X�K�Q�T�� �C�U�� �C�� �U�E�K�G�P�V�K�•�E�� �•�G�N�F�� �Q�H�� �U�V�W�F�[���� �0�G�Z�V���� �+�� �G�Z�R�N�Q�T�G�� �N�G�C�T�P�K�P�I��
and cue-response systems as the mechanisms that underlie the behavioral responses 
�Y�G�� �Q�D�U�G�T�X�G���� �6�J�K�U�� �U�G�E�V�K�Q�P�� �K�U�� �H�Q�N�N�Q�Y�G�F�� �D�[�� �C�P�� �G�Z�R�N�Q�T�C�V�K�Q�P�� �Q�H�� �U�V�C�D�K�N�K�V�[�� �C�P�F�� �€�G�Z�K�D�K�N�K�V�[�� �K�P��
behavioral systems, with focus on relevant songbird responses to environmental cues 
and signals. I then place these systems within the context of anthropogenic change – 
addressing the need to bring an understanding of behavior to conservation and 
management plans. 

The Foundations of Behavior 

�$�G�J�C�X�K�Q�T�� �K�U�� �D�T�Q�C�F�N�[�� �F�G�•�P�G�F�� �C�U���� �
������ �V�J�G�� �Y�C�[�� �K�P�� �Y�J�K�E�J�� �Q�P�G�� �C�E�V�U�� �Q�T�� �E�Q�P�F�W�E�V�U�� �Q�P�G�U�G�N�H����
�G�U�R�G�E�K�C�N�N�[�� �V�Q�Y�C�T�F�� �Q�V�J�G�T�U���� �
������ �V�J�G�� �Y�C�[�� �K�P�� �Y�J�K�E�J�� �C�P�� �C�P�K�O�C�N�� �
�P�Q�P���J�W�O�C�P���� �Q�T�� �R�G�T�U�Q�P�� �C�E�V�U��
�K�P�� �T�G�U�R�Q�P�U�G�� �V�Q�� �C�� �R�C�T�V�K�E�W�N�C�T�� �U�K�V�W�C�V�K�Q�P�� �Q�T�� �U�V�K�O�W�N�W�U���� �Q�T�� �
������ �V�J�G�� �Y�C�[�� �K�P�� �Y�J�K�E�J�� �C�� �P�C�V�W�T�C�N��
phenomenon or a machine works or functions [1]. For our purposes, we will focus on 
�C�P�K�O�C�N�� �D�G�J�C�X�K�Q�T���� �O�G�C�P�K�P�I�� �V�J�C�V�� �V�J�G�� �U�G�E�Q�P�F�� �F�G�•�P�K�V�K�Q�P�� �K�U�� �O�Q�U�V�� �T�G�N�G�X�C�P�V���� �6�J�G�� �D�G�C�W�V�[���� �C�P�F��
�U�Q�O�G�V�K�O�G�U�� �V�J�G�� �E�W�T�U�G���� �Q�H�� �C�P�K�O�C�N�� �D�G�J�C�X�K�Q�T�� �C�U�� �C�� �U�E�K�G�P�V�K�•�E�� �U�V�W�F�[�� �K�U�� �V�J�C�V�� �K�V�� �E�Q�X�G�T�U�� �C�� �D�T�Q�C�F��
�T�C�P�I�G���Q�H���•�G�N�F�U���C�P�F���G�Z�R�G�T�V�K�U�G�����(�Q�T���G�Z�C�O�R�N�G�����O�W�E�J���Q�H���Q�W�T���K�P�K�V�K�C�N���W�P�F�G�T�U�V�C�P�F�K�P�I���Q�H���N�G�C�T�P�K�P�I��
and behavior was developed by prominent psychologists with an interest in explaining 
�J�W�O�C�P�� �D�G�J�C�X�K�Q�T���� �/�Q�T�G�� �T�G�E�G�P�V�N�[���� �G�P�V�K�T�G�� �D�T�C�P�E�J�G�U�� �Q�H�� �V�J�G�� �R�U�[�E�J�Q�N�Q�I�K�E�C�N�� �•�G�N�F�� �J�C�X�G�� �D�G�E�Q�O�G��
dedicated to understanding the development of behavior and the proximal mechanisms 
�V�J�C�V���W�P�F�G�T�N�K�G���P�Q�P���J�W�O�C�P���C�P�K�O�C�N���D�G�J�C�X�K�Q�T�����.�C�D���C�P�F���•�G�N�F���U�V�W�F�K�G�U���Q�H�V�G�P���C�V�V�G�O�R�V���V�Q���G�Z�R�N�C�K�P��
behavior under �P�C�V�W�T�C�N���E�Q�P�F�K�V�K�Q�P�U���L���C���R�C�T�V�K�E�W�N�C�T���U�E�G�P�C�T�K�Q���F�G�•�P�G�F���C�U��ethology. Topics such 
as learning and cognition continue to be explored extensively among psychologists [2], 
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producing many advances that are relevant to biologists focused on behavior and 
management. Animal behavior has become a focus of study for many ecologists as 
�Y�G�N�N���� �Y�K�V�J�� �H�Q�W�P�F�C�V�K�Q�P�U�� �Q�H�� �V�J�G�� �•�G�N�F�� �G�U�V�C�D�N�K�U�J�G�F�� �K�P�� �V�J�G�� �G�C�T�N�[�� �V�Q�� �O�K�F�����������O�U�� �D�[�� �U�E�K�G�P�V�K�U�V�U��
�U�W�E�J�� �C�U�� �0�K�M�Q�N�C�C�U�� �6�K�P�D�G�T�I�G�P���� �-�Q�P�T�C�F�� �.�Q�T�G�P�\���� �C�P�F�� �-�C�T�N�� �X�Q�P�� �(�T�K�U�E�J�� �=���?�����2�G�T�J�C�R�U�� �Q�P�G�� �Q�H��
�6�K�P�D�G�T�I�G�P�O�U�� �O�Q�U�V�� �U�K�I�P�K�•�E�C�P�V�� �E�Q�P�V�T�K�D�W�V�K�Q�P�U�� �V�Q�� �V�J�G�� �•�G�N�F�� �Y�C�U�� �J�K�U�� �F�G�U�E�T�K�R�V�K�Q�P�� �Q�H�� �V�J�G�� �H�Q�W�T��
�S�W�G�U�V�K�Q�P�U���
�Q�T���C�T�G�P�C�U�����H�Q�T���V�J�G���U�V�W�F�[���Q�H���C�P�K�O�C�N���D�G�J�C�X�K�Q�T���=���?����Causation �
�Q�T���O�G�E�J�C�P�K�U�O�����C�P�F��
development �
�Q�T�� �Q�P�V�Q�I�G�P�[���� �Q�H�� �D�G�J�C�X�K�Q�T�� �F�G�U�E�T�K�D�G�U�� �O�C�P�[�� �Q�H�� �V�J�G�� �V�Q�R�K�E�U�� �K�P�X�G�U�V�K�I�C�V�G�F�� �W�U�K�P�I��
captive animals. Ecologists that study behavior tend to focus on Tinbergen’s second two 
questions: function �
�Q�T�� �C�F�C�R�V�C�V�K�Q�P���� �C�P�F��evolution �
�Q�T�� �R�J�[�N�Q�I�G�P�[���� �Q�H�� �D�G�J�C�X�K�Q�T���� �6�J�G�U�G�� �N�C�V�V�G�T��
questions may be thought of as exploring why particular behaviors occur, which is often 
�G�Z�R�N�C�K�P�G�F�� �D�[�� �V�J�G�� �E�Q�T�T�G�N�C�V�K�Q�P�� �D�G�V�Y�G�G�P�� �V�J�G�K�T�� �R�G�T�H�Q�T�O�C�P�E�G�� �E�Q�U�V�U�� �C�P�F�� �V�J�G�� �D�G�P�G�•�V�U�� �Q�H�� �V�J�G�K�T��
expression. This study of ultimate �
�C�U�� �Q�R�R�Q�U�G�F�� �V�Q��proximate���� �G�Z�R�N�C�P�C�V�K�Q�P�U�� �Q�H�� �D�G�J�C�X�K�Q�T�� �K�U��
�Q�H�V�G�P�� �F�G�•�P�G�F�� �C�U��behavioral ecology [5]. 

�9�J�K�N�G�� �6�K�P�D�G�T�I�G�P�O�U�� �F�G�U�K�I�P�C�V�K�Q�P�U�� �J�C�X�G�� �D�G�G�P�� �G�Z�V�T�G�O�G�N�[�� �D�G�P�G�•�E�K�C�N�� �H�Q�T�� �U�V�W�F�[�K�P�I�� �C�P�F��
understanding behavior, they have also had the unintended consequence of creating 
�U�Q�O�G�Y�J�C�V�� �U�K�N�Q�G�F�� �•�G�N�F�U�� �Q�H�� �U�V�W�F�[���� �6�J�K�U�� �W�P�H�Q�T�V�W�P�C�V�G�� �U�K�V�W�C�V�K�Q�P�� �K�U�� �G�Z�C�E�G�T�D�C�V�G�F�� �D�[�� �V�J�G��
�F�K�H�•�E�W�N�V�[�� �Q�H�� �V�T�C�E�M�K�P�I�� �V�J�G�� �X�C�U�V�� �N�K�V�G�T�C�V�W�T�G�� �H�Q�W�P�F�� �C�E�T�Q�U�U�� �O�C�P�[�� �•�G�N�F���U�R�G�E�K�•�E�� �L�Q�W�T�P�C�N�U����
and the sometimes differing study techniques used by biologists, ecologists, and 
psychologist [6]. To fully understand behavior, and to manage animals accordingly, 
will require an integrated understanding of all four of Tinbergen’s questions. The 
focus on collaborative management and ecosystem approaches in recent years has led 
to an exciting and unprecedented integration of information about the development 
�C�P�F�� �H�W�P�E�V�K�Q�P�� �Q�H�� �D�G�J�C�X�K�Q�T�� �=���L���?���� �6�J�K�U�� �K�P�V�G�I�T�C�V�K�Q�P�� �K�U�� �V�K�O�G�N�[�� �C�P�F�� �E�T�K�V�K�E�C�N�� �C�U�� �Y�G�� �P�Q�Y�� �Y�Q�T�M��
to sustain populations and communities of songbirds in landscapes that are changing 
rapidly. No doubt one of the keys to integrating behavior into management for songbirds 
will be understanding how, and how quickly, behavior can change to accommodate 
shifting environmental conditions. 

Learning and the Development of Behavioral Response 
Systems 

�6�J�G���F�G�X�G�N�Q�R�O�G�P�V���Q�H���R�C�T�V�K�E�W�N�C�T���D�G�J�C�X�K�Q�T�C�N���U�[�U�V�G�O�U���
�Q�T���T�G�U�R�Q�P�U�G�U���� �K�U���U�J�C�R�G�F���D�[�� �V�J�G���U�C�O�G��
processes of natural and sexual selection that leads to physical traits better suited for 
particular environments. If behaviors are thought of as responses to particular situations 
or environments, variation in these responses must exist for natural selection to shape 
the system. Within this range of responses, there must also be variation in how the 
�T�G�U�W�N�V�K�P�I�� �Q�W�V�E�Q�O�G�� �K�O�R�C�E�V�U�� �•�V�P�G�U�U�� �
�G���I������ �U�Q�O�G�� �T�G�U�R�Q�P�U�G�U�� �R�T�Q�X�K�F�G�� �D�G�V�V�G�T�� �•�V�P�G�U�U�� �I�C�K�P�U��
� V� J� C� P � �� Q� V� J� G� T� U� �� � � �� 9� J� K� N� G � �� J� G� T� K� V� C� D� K� N� K� V� [� � � �� C � �� M� G� [� U� V� Q� P� G � �� Q� H � �� P� C� V� W� T� C� N � �� U� G� N� G� E� V� K� Q� P� � � �� C� N� U� Q � �� R� N� C� [� U � �� C � �� T� Q� N� G � �� K� P � �
the development and maintenance of many behaviors we observe, learning can also 
maintain some elements of behavioral systems. The basic cue-response system that 
leads to standardized behavioral responses, and to changes in behavioral responses, 
can be represented as a triangle with cue, response, and outcome at the three corners 
�
�$�Q�Z�� �������� �#�N�V�J�Q�W�I�J�� �G�C�E�J�� �V�G�T�O�� �K�U�� �U�K�P�I�W�N�C�T�� �J�G�T�G���� �K�P�� �T�G�C�N�K�V�[�� �K�V�� �O�C�[�� �V�C�M�G�� �O�W�N�V�K�R�N�G�� �E�W�G�U�� �V�Q��
elicit a response, or responses. Here the cue represents the environmental stimulus that 
could trigger a particular response. To understand this in human terms, simply imagine 
�V�J�C�V�� �U�Q�O�G�Q�P�G�� �K�U�� �E�Q�Q�M�K�P�I�� �D�C�E�Q�P�� �H�Q�T�� �D�T�G�C�M�H�C�U�V�� �
�K�H�� �[�Q�W�� �F�Q�� �P�Q�V�� �N�K�M�G�� �D�C�E�Q�P���� �K�O�C�I�K�P�G�� �[�Q�W�T��
�H�C�X�Q�T�K�V�G�� �H�Q�Q�F�� �J�G�T�G������ �#�U�� �O�Q�U�V�� �T�G�C�F�G�T�U�� �C�T�G�� �R�T�Q�D�C�D�N�[�� �C�Y�C�T�G���� �D�C�E�Q�P�� �V�J�C�V�� �K�U�� �D�G�K�P�I�� �E�Q�Q�M�G�F��
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�J�C�U�� �C�� �U�V�T�Q�P�I���� �F�K�U�V�K�P�E�V�K�X�G�� �U�O�G�N�N���� �6�J�K�U�� �U�O�G�N�N�� �E�Q�W�N�F�� �D�G�� �E�N�C�U�U�K�•�G�F�� �C�U�� �R�Q�V�G�P�V�K�C�N�� �E�W�G���� �Y�J�K�E�J��
might trigger a response from nearby humans. The response to bacon is likely to differ 
�C�O�Q�P�I�� �K�P�F�K�X�K�F�W�C�N�U���� �D�W�V�� �H�Q�T�� �V�J�Q�U�G�� �V�J�C�V�� �N�K�M�G�� �D�C�E�Q�P�� �K�V�� �K�U�� �N�K�M�G�N�[�� �V�Q�� �V�T�K�I�I�G�T�� �C�� �F�G�U�K�T�G�� �V�Q�� �•�P�F��
and consume bacon. If this response does lead to consumption, the outcome in the bacon-
lover will be positive—a pleasurable dining experience. Repeated experience with this 
�R�C�T�V�K�E�W�N�C�T���E�W�G���T�G�U�R�Q�P�U�G���U�[�U�V�G�O���Y�Q�W�N�F���G�U�V�C�D�N�K�U�J���C���N�•�P�F���C�P�F���G�C�V�O���T�G�U�R�Q�P�U�G���V�Q���V�J�G���U�O�G�N�N���Q�H��
�D�C�E�Q�P���� �+�H�� �D�C�E�Q�P�� �Y�C�U�� �V�J�G�� �Q�P�N�[���� �Q�T�� �R�G�T�J�C�R�U�� �V�J�G�� �O�Q�U�V�� �D�G�P�G�•�E�K�C�N�� �H�Q�Q�F�� �U�Q�W�T�E�G�� �C�X�C�K�N�C�D�N�G���� �V�J�G��
�•�V�P�G�U�U���Q�H���K�P�F�K�X�K�F�W�C�N�U���Y�K�V�J�� �V�J�G���N�•�P�F���C�P�F���G�C�V�O���T�G�U�R�Q�P�U�G���Y�Q�W�N�F���K�P�E�T�G�C�U�G���� �C�P�F���V�J�G���D�G�J�C�X�K�Q�T��
would be selected for. If genetics were to underly this response, selection would increase 
the prevalence of this response in the population by favoring the responsible genotype. 
�'�X�G�P�� �Y�K�V�J�Q�W�V�� �I�G�P�G�V�K�E�� �W�P�F�G�T�R�K�P�P�K�P�I�U���� �G�Z�R�G�T�K�G�P�E�G�� �C�P�F�� �V�G�C�E�J�K�P�I�� �
�C�� �R�J�G�P�Q�O�G�P�Q�P�� �V�J�C�V�� �K�U��
�N�G�U�U�� �R�T�G�X�C�N�G�P�V���� �D�W�V�� �P�Q�V�� �C�D�U�G�P�V���� �K�P�� �P�Q�P���J�W�O�C�P�� �C�P�K�O�C�N�U���� �O�K�I�J�V�� �K�P�E�T�G�C�U�G�� �V�J�G�� �D�C�E�Q�P���R�J�K�N�K�E��
response. While this example is somewhat silly and underestimates the complexity of 
behavioral development, it does provide the basic level of understanding needed to 
�I�T�C�U�R�� �V�J�G�� �F�G�X�G�N�Q�R�O�G�P�V�� �Q�H�� �D�G�J�C�X�K�Q�T�� �
�H�Q�T�� �C�� �F�G�G�R�G�T�� �W�P�F�G�T�U�V�C�P�F�K�P�I�� �U�G�G�� �=�������� �����?������ �1�W�T�� �D�C�E�Q�P��
example also allows for a few extensions that can explain how the use of cues and 
responses can change over time. 

�+�H���D�C�E�Q�P���E�T�G�C�V�G�U���C�P���C�W�V�Q�O�C�V�K�E���N�•�P�F���C�P�F���G�C�V�O���T�G�U�R�Q�P�U�G���K�P���O�C�P�[���Q�H���W�U�����V�J�C�V���T�G�U�R�Q�P�U�G���K�U��
�U�C�K�F���V�Q���D�G���C�P���W�P�E�Q�P�F�K�V�K�Q�P�G�F���U�V�K�O�W�N�W�U���
�K���G�������P�Q���V�T�C�K�P�K�P�I���K�U���P�G�G�F�G�F���V�Q���G�X�Q�M�G���V�J�K�U���T�G�U�R�Q�P�U�G������
But through a procedure called classical conditioning, we could actively train individuals 
�V�Q�� �G�Z�J�K�D�K�V�� �V�J�G�� �U�C�O�G�� �N�•�P�F���C�P�F���G�C�V�O�� �T�G�U�R�Q�P�U�G�� �V�Q�� �V�J�G�� �U�K�I�J�V�� �Q�H�� �C�� �R�C�P�E�C�M�G�M�K�H�� �V�J�G�� �U�K�I�J�V�� �Q�H�� �C��
pancake and smell of bacon are paired across several trials, and always result in the 
�C�X�C�K�N�C�D�K�N�K�V�[�� �Q�H�� �D�C�E�Q�P���� �'�X�G�P�V�W�C�N�N�[���� �V�J�G�� �N�•�P�F���C�P�F���G�C�V�O�� �T�G�U�R�Q�P�U�G�� �Y�Q�W�N�F�� �D�G�� �N�G�C�T�P�G�F�� �C�P�F��
�G�X�Q�M�G�F�� �D�[�� �V�J�G�� �U�K�I�J�V�� �Q�H�� �C�� �R�C�P�E�C�M�G�� �C�N�Q�P�G�� �
�E�Q�P�F�K�V�K�Q�P�G�F�� �U�V�K�O�W�N�W�U���� �K���G������ �V�T�C�K�P�K�P�I�� �Y�C�U�� �P�G�G�F�G�F��
�V�Q�� �G�X�Q�M�G�� �V�J�K�U�� �T�G�U�R�Q�P�U�G������ �6�J�G�� �E�N�C�U�U�K�E�� �G�Z�C�O�R�N�G�� �Q�H�� �V�J�K�U�� �R�T�Q�E�G�U�U�� �K�U�� �2�C�X�N�Q�X�O�U�� �F�Q�I�U���� �Y�J�Q�� �Y�G�T�G��
trained to salivate for food in response to the sound of a metronome [12]. In songbirds, a 
similar process likely underlies the selection for particular habitats or tree species. While 
selected trees or habitats likely supply better food sources than non-selected locations, 
it is unlikely that birds directly assess insect populations prior to selection. More likely, 
�G�Z�R�G�T�K�G�P�E�G�� �
�Q�T�� �U�G�N�G�E�V�G�F�� �I�G�P�G�V�K�E�� �R�T�G�H�G�T�G�P�E�G�U���� �J�C�U�� �H�C�E�K�N�K�V�C�V�G�F�� �C�P�� �C�U�U�Q�E�K�C�V�K�Q�P�� �D�G�V�Y�G�G�P�� �V�J�G��
�R�T�G�H�G�T�T�G�F�� �J�C�D�K�V�C�V�� �E�J�C�T�C�E�V�G�T�K�U�V�K�E�U�� �C�P�F�� �H�Q�Q�F�� �C�X�C�K�N�C�D�K�N�K�V�[�� �=�������� �����?����

A particular response can also be extinguished by changing the outcome in the cue-
response system [15]. For example, some alternative-fuel vehicles use recycled food grease 
�C�U���H�W�G�N���=�����?�����6�J�G���T�G�U�W�N�V�K�P�I���G�Z�J�C�W�U�V���E�C�P���J�C�X�G���C���D�C�E�Q�P���N�K�M�G���U�O�G�N�N�����+�P���V�J�K�U���E�C�U�G�����V�J�G���N�•�P�F���C�P�F��
eat’ response to the smell of bacon described above could result in the negative outcome 
of being exposed to vehicle exhaust or the danger of approaching a moving vehicle. If a 
particular response is no longer rewarded with a positive outcome, or results in a negative 
outcome, the response might be extinguished. If bacon smell becomes more commonly 
�C�U�U�Q�E�K�C�V�G�F�� �Y�K�V�J�� �X�G�J�K�E�N�G�U�� �V�J�C�P�� �C�� �R�T�G�H�G�T�T�G�F�� �H�Q�Q�F�� �U�Q�W�T�E�G���� �V�J�G�� �N�•�P�F���C�P�F���G�C�V�O�� �T�G�U�R�Q�P�U�G�� �O�C�[��
become extinct. Similarly, most songbirds exhibit a fear of humans, but fear behavior is 
�F�K�O�K�P�K�U�J�K�P�I���K�P���R�Q�R�W�N�C�V�K�Q�P�U���V�J�C�V���K�P�J�C�D�K�V���J�W�O�C�P���F�Q�O�K�P�C�V�G�F���U�[�U�V�G�O�U���
�G���I�������E�K�V�K�G�U���=�������������?�������+�P��
�V�J�K�U�� �E�C�U�G���� �T�G�R�G�C�V�G�F�� �P�G�W�V�T�C�N�� �Q�T�� �R�Q�U�K�V�K�X�G�� �
�G���I������ �H�Q�Q�F�� �R�T�Q�X�K�F�G�F���� �K�P�V�G�T�C�E�V�K�Q�P�U�� �Y�K�V�J�� �J�W�O�C�P�U�� �K�P��
urban systems are likely extinguishing fearful behavior. While the altered cue-response 
system here might appear benign, the impact of changing the outcome in a cue-response 
�U�[�U�V�G�O���E�C�P���E�Q�O�G���Y�K�V�J���P�G�I�C�V�K�X�G���•�V�P�G�U�U���K�O�R�C�E�V�U�����(�Q�T���G�Z�C�O�R�N�G�����U�Q�P�I�D�K�T�F�U���C�T�G���M�K�N�N�G�F���T�G�I�W�N�C�T�N�[��
�D�[�� �Y�K�P�F���R�Q�Y�G�T�G�F�� �V�W�T�D�K�P�G�U�� �F�W�T�K�P�I���O�K�I�T�C�V�K�Q�P���=�����?�����6�J�K�U�� �K�U�� �R�Q�V�G�P�V�K�C�N�N�[�� �V�Q�� �F�W�G�� �V�Q�� �V�J�G�K�T��
�C�V�V�T�C�E�V�K�Q�P�� �V�Q�� �N�K�I�J�V�� �=�����?�� �Y�J�K�E�J�� �C�N�U�Q�� �U�G�T�X�G�U�� �C�U�� �C�P�� �K�O�R�Q�T�V�C�P�V�� �E�W�G�� �H�Q�T�� �O�K�I�T�C�V�K�Q�P���� �Q�T�� �V�J�T�Q�W�I�J��
�Q�V�J�G�T�� �G�U�V�C�D�N�K�U�J�G�F�� �O�K�I�T�C�V�Q�T�[�� �D�G�J�C�X�K�Q�T�U�� �U�W�E�J�� �C�U�� �N�Q�Y���C�N�V�K�V�W�F�G�� �€�K�I�J�V�� �K�P�� �N�C�T�I�G�� �I�T�Q�W�R�U���=�����?����
Given enough time and experience, songbirds may learn to associate particular 
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�E�J�C�T�C�E�V�G�T�K�U�V�K�E�U���Q�H���V�W�T�D�K�P�G�U���Y�K�V�J���V�J�G���F�C�P�I�G�T���V�J�C�V���V�J�G�[���T�G�R�T�G�U�G�P�V���
�K���G�������G�Z�V�K�P�I�W�K�U�J���C�V�V�T�C�E�V�K�Q�P������
But for a time, there is a mismatch between the response and the expected outcome [22, 
�����?���� �&�W�T�K�P�I�� �V�J�K�U�� �O�K�U�O�C�V�E�J�� �R�G�T�K�Q�F���� �V�J�G�T�G�� �K�U�� �C�� �J�K�I�J�� �N�K�M�G�N�K�J�Q�Q�F�� �V�J�C�V�� �O�Q�T�G�� �U�Q�P�I�D�K�T�F�U�� �Y�K�N�N��
be injured or killed by turbine blades. Simply put, behavioral changes may be too slow 
�V�Q�� �C�X�Q�K�F�� �V�J�G�� �P�G�I�C�V�K�X�G�� �K�O�R�C�E�V�U�� �Q�H�� �G�P�X�K�T�Q�P�O�G�P�V�C�N�� �E�J�C�P�I�G�� �
�K���G������ �V�J�G�� �Q�W�V�E�Q�O�G������

Stability and Plasticity in Songbird Behavior 

As with most organisms, songbird behavioral systems exhibit a range of plasticity. Some 
genetically coded behaviors have become �•�Z�G�F, which can indicate that strong selection 
has nearly, if not completely eliminated genetic variability in the loci responsible for 
producing the particular behavior, and thus eliminated variability in the associated 
behavior. Other behaviors are crystalized after a short learning period. Some more 
plastic behaviors are shaped in individuals and populations through experience, and 
some responses are subject to high levels of within-individual plasticity based on the 
particular set of environmental conditions. In this section I provide an explanation 
of, and examples for songbird behaviors that are a typically characterized as innate 
or largely stable, learned, shaped by experience, and plastic. However, much remains 
to be learned about each system, and these categories should not be considered to be 
set in stone or mutually exclusive. In addition, plasticity itself may be under selective 
�R�T�G�U�U�W�T�G�U�� �V�J�C�V�� �E�C�P�� �K�P�E�T�G�C�U�G�� �Q�T�� �F�G�E�T�G�C�U�G�� �X�C�T�K�C�D�K�N�K�V�[�� �Q�X�G�T�� �V�K�O�G�� �=�����?���� �+�� �E�Q�P�E�N�W�F�G�� �V�J�G�� �U�G�E�V�K�Q�P��
by explaining why multiple behavioral responses to the same stimuli often exist within 
songbird populations and species. 

Innate or Largely Stable Behavior 

�+�O�O�G�F�K�C�V�G�N�[���C�H�V�G�T���J�C�V�E�J�����J�W�P�I�T�[���%�C�E�V�W�U���Y�T�G�P���
Campylorhynchus brunneicapillus�����P�G�U�V�N�K�P�I�U��
lift their heads upward with their mouth agape at any detection of movement or sound – 
which most likely represents an adult approaching the nest to feed [25]. Although critical 
for their survival, this ‘gaping’ behavior does not stem from experience or tutelage. 
Gaping, which is a trait shared across songbird species, is innate [26]; likely coded within 
the genes. This is not to say that there is not variability in gaping behavior, but rather 
that natural selection will strongly favor individuals that exhibit this behavior over those 
that do not. Gaping and begging correlate with hunger level [27], and parents likely 
perceive these behaviors to be an honest indicator of a nestlings need for nourishment. In 
�M�G�G�R�K�P�I���Y�K�V�J���V�J�K�U���J�[�R�Q�V�J�G�U�K�U�����G�Z�R�G�T�K�O�G�P�V�C�N���Y�Q�T�M���Y�K�V�J���V�T�G�G���U�Y�C�N�N�Q�Y�U���
Tachycineta bicolor����
�C�P�F�� �I�T�G�C�V�� �V�K�V�U�� �
Parus major���� �K�P�F�K�E�C�V�G�U�� �V�J�C�V�� �R�C�T�G�P�V�U�� �K�P�E�T�G�C�U�G�� �H�G�G�F�K�P�I�� �T�C�V�G�U�� �C�U�� �I�C�R�K�P�I�� �C�P�F��
�D�G�I�I�K�P�I�� �T�C�V�G�U���K�P�E�T�G�C�U�G���=�����L�����?���� �#���P�G�U�V�N�K�P�I�� �V�J�C�V���F�Q�G�U���P�Q�V���I�C�R�G���� �Q�T���I�C�R�G�U���N�G�U�U���Q�H�V�G�P���� �K�U���N�G�U�U��
likely to be fed. An unfed nestling is unlikely to survive and carry this trait into the 
next generation. Although gaping and begging are an honest indicator of hunger that 
is critical for survival, variation in begging rates among broods may also be indicator 
of health. For example, great tit nestlings that hatched from eggs laid by a female given 
supplemental carotenoids, an important but limited antioxidant, begged more intensely 
�V�J�C�P���E�Q�P�V�T�Q�N���P�G�U�V�N�K�P�I�U���=�����?�����$�G�E�C�W�U�G���E�C�T�Q�V�G�P�Q�K�F�U���C�T�G���C�U�U�Q�E�K�C�V�G�F���Y�K�V�J���P�G�U�V�N�K�P�I���J�G�C�N�V�J�����O�Q�T�G��
�K�P�V�G�P�U�G�� �D�G�I�I�K�P�I�� �K�U�� �U�V�K�N�N�� �C�P�� �J�Q�P�G�U�V�� �K�P�F�K�E�C�V�Q�T�� �Q�H�� �•�V�P�G�U�U���� �C�P�F�� �K�P�E�T�G�C�U�G�F�� �H�G�G�F�K�P�I�� �Q�H�� �V�J�G�U�G��
carotenoid-rich chicks is probably a good investment on the part of a parent. Again, 
selection favors stronger gaping and begging behavior. 
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Migration, the seasonal movement between spatially distinct habitats, is a common 
songbird life history trait. The role of genetics and experience in navigation between 
�D�T�G�G�F�K�P�I���C�P�F���Y�K�P�V�G�T�K�P�I���I�T�Q�W�P�F�U���J�C�U���T�G�E�G�K�X�G�F���O�W�E�J���C�V�V�G�P�V�K�Q�P���K�P���V�J�G���U�E�K�G�P�V�K�•�E���N�K�V�G�T�C�V�W�T�G����
�C�P�F�� �K�U�� �C�F�F�T�G�U�U�G�F�� �O�Q�T�G�� �D�T�Q�C�F�N�[�� �K�P�� �%�J�C�R�V�G�T�� ������ �*�Q�Y�G�X�G�T���� �+�� �Y�C�P�V�� �V�Q�� �X�K�U�K�V�� �V�J�K�U�� �V�Q�R�K�E�� �D�T�K�G�€�[��
�J�G�T�G���D�G�E�C�W�U�G���G�N�G�O�G�P�V�U���Q�H���O�K�I�T�C�V�K�Q�P���C�T�G���V�J�Q�W�I�J�V���V�Q���D�G���K�P�P�C�V�G���=�����?�����(�Q�T���G�Z�C�O�R�N�G����zugunruhe 
refers the restlessness observed in both experienced and naïve birds around the time 
�Y�J�G�P�� �O�K�I�T�C�V�K�Q�P�� �U�J�Q�W�N�F�� �Q�E�E�W�T�� �=�����?���� �(�W�T�V�J�G�T�� �V�J�G�� �F�K�T�G�E�V�K�Q�P�� �C�P�F�� �F�K�U�V�C�P�E�G�� �V�Q�� �V�J�G�� �Y�K�P�V�G�T�K�P�I��
�I�T�Q�W�P�F�U�� �C�R�R�G�C�T�U�� �V�Q�� �D�G�� �I�G�P�G�V�K�E�C�N�N�[�� �G�P�E�Q�F�G�F�� �K�P�� �•�T�U�V���V�K�O�G�� �O�K�I�T�C�P�V�U���� �)�Q�Q�F�� �E�Q�P�•�T�O�C�V�K�Q�P��
of this came from crossbreeding studies where hybrids from two populations with 
�W�P�K�S�W�G���O�K�I�T�C�V�Q�T�[���T�Q�W�V�G�U���C�P�F���F�G�U�V�K�P�C�V�K�Q�P�U���G�Z�J�K�D�K�V�G�F���C�P���K�P�V�G�T�O�G�F�K�C�V�G���O�K�I�T�C�V�Q�T�[���R�C�V�J���=�����?����
Displacement experiments have also found that naive birds are not able to consistently 
correct the angle or distance of their migratory path to reach the correct wintering 
�I�T�Q�W�P�F�� �=�����?�����+�P�� �C�F�W�N�V�U���� �J�Q�Y�G�X�G�T���� �G�Z�R�G�T�K�G�P�E�G�� �Y�K�V�J�� �C�� �P�C�X�K�I�C�V�K�Q�P�C�N�� �O�C�R�� �C�N�N�Q�Y�U�� �H�Q�T�� �U�W�E�J��
�E�Q�T�T�G�E�V�K�Q�P�U�� �V�Q�� �D�G�� �O�C�F�G�� �=�����?���� �&�G�U�R�K�V�G�� �V�J�G�� �K�P�P�C�V�G�� �E�Q�O�R�Q�P�G�P�V�U�� �Q�H�� �O�K�I�T�C�V�K�Q�P���� �R�N�C�U�V�K�E�K�V�[�� �K�U��
more common than might be expected. Recent work suggests that juvenile migrants do 
�J�C�X�G�� �U�Q�O�G�� �C�D�K�N�K�V�[�� �V�Q�� �E�Q�O�R�G�P�U�C�V�G�� �H�Q�T�� �U�V�T�Q�P�I�� �Y�K�P�F�U�� �C�P�F�� �O�K�P�Q�T�� �F�K�U�R�N�C�E�G�O�G�P�V�U�� �=�����?�����6�J�G��
presence of zugunruhe �K�P���C���T�G�U�K�F�G�P�V���U�R�G�E�K�G�U���Q�H���U�V�Q�P�G�E�J�C�V���
Saxicola torquatus�����=�����?�����U�W�I�I�G�U�V�U��
that this species may have been migratory in the past, or could become migratory in the 
�H�W�V�W�T�G�� �=�����?���� �+�P�F�G�G�F���� �O�K�I�T�C�V�Q�T�[�� �R�Q�R�W�N�C�V�K�Q�P�U�� �Q�H�� �D�N�C�E�M�E�C�R�U�� �
Sylvia atricapilla���� �K�P�� �'�W�T�Q�R�G�� �C�T�G��
staying closer to home as conditions on the breeding grounds become more favorable 
�[�G�C�T���T�Q�W�P�F�� �=�����?�� �F�G�U�R�K�V�G���V�J�G�� �R�T�G�U�G�P�E�G�� �Q�H�� �I�G�P�G�V�K�E�� �F�K�H�H�G�T�G�P�E�G�U�� �D�G�V�Y�G�G�P�� �O�K�I�T�C�V�Q�T�[�� �C�P�F��
�C�N�T�G�C�F�[���T�G�U�K�F�G�P�V���R�Q�R�W�N�C�V�K�Q�P�U���K�P���V�J�K�U���U�R�G�E�K�G�U���=�����?�����+�P���E�Q�P�V�T�C�U�V���V�Q���I�C�R�K�P�I���C�P�F���D�G�I�I�K�P�I�����V�J�G�U�G��
studies suggest that it is plausible that migratory behavior could appear or disappear 
in response to changing conditions – a good reminder that innate underpinnings do 
not preclude rapid change. 

Traditional thinking has been that elements of the nestbuilding process are also 
�K�P�P�C�V�G�� �=�����?�����$�W�V���� �C�� �T�Q�N�G�� �Q�H�� �G�Z�R�G�T�K�G�P�E�G�� �J�C�U�� �N�Q�P�I�� �D�G�G�P�� �T�G�E�Q�I�P�K�\�G�F���� �C�P�F�� �G�Z�R�G�T�K�O�G�P�V�C�N��
�G�X�K�F�G�P�E�G�� �V�Q�� �U�W�R�R�Q�T�V�� �E�N�C�K�O�U�� �Q�H�� �K�P�P�C�V�G�� �D�G�J�C�X�K�Q�T�� �Y�G�T�G�� �Q�H�V�G�P�� �N�C�E�M�K�P�I�� �=�����?�����'�X�K�F�G�P�E�G�� �H�T�Q�O��
�J�C�P�F���T�G�C�T�K�P�I�� �G�Z�R�G�T�K�O�G�P�V�U���� �•�G�N�F�� �Q�D�U�G�T�X�C�V�K�Q�P�U���� �C�P�F�� �N�C�D�Q�T�C�V�Q�T�[�� �O�C�P�K�R�W�N�C�V�K�Q�P�U�� �K�P�F�K�E�C�V�G��
that associative learning, social learning, and imprinting are important contributors 
�V�Q�� �V�J�G�� �P�G�U�V�� �D�W�K�N�F�K�P�I�� �R�T�Q�E�G�U�U���=�����?���� �9�J�K�N�G���P�G�U�V���D�W�K�N�F�K�P�I�� �K�U�� �R�T�Q�D�C�D�N�[�� �P�Q�V�� �C�� �J�C�T�F���Y�K�T�G�F��
�T�G�U�R�Q�P�U�G�� �=�����?���� �C�P�F�� �V�J�W�U�� �P�Q�V�� �K�P�P�C�V�G���� �V�J�G�� �R�T�Q�R�G�P�U�K�V�[�� �V�Q�� �D�W�K�N�F�� �P�G�U�V�U�� �K�U�� �P�G�C�T�N�[�� �W�D�K�S�W�K�V�Q�W�U��
across songbird species. This suggests that selection strongly favors nest-building 
as a strategy for increasing survival in offspring. This is not to say that alternative 
�U�V�T�C�V�G�I�K�G�U���C�T�G���P�Q�V���R�N�C�W�U�K�D�N�G�����#���H�G�Y���R�C�U�U�G�T�K�P�G�U�����K�P�E�N�W�F�K�P�I���U�G�X�G�T�C�N���E�Q�Y�D�K�T�F�U���U�R�G�E�K�G�U���
�I�G�P�W�U��
Molothrus������ �J�C�X�G�� �C�D�C�P�F�Q�P�G�F�� �P�G�U�V�� �D�W�K�N�F�K�P�I���� �K�P�U�V�G�C�F�� �N�C�[�K�P�I�� �R�C�T�C�U�K�V�K�E�� �G�I�I�U�� �K�P�� �V�J�G�� �P�G�U�V�U��
�Q�H�� �Q�V�J�G�T�� �U�R�G�E�K�G�U���=�����?�����5�G�X�G�T�C�N�� �P�Q�P���R�C�U�U�G�T�K�P�G�� �U�R�G�E�K�G�U���� �K�P�E�N�W�F�K�P�I�� �C�� �N�C�T�I�G�� �R�G�T�E�G�P�V�C�I�G�� �Q�H��
�U�J�Q�T�G�D�K�T�F�U�� �
�Q�T�F�G�T�� �%�J�C�T�C�F�T�K�K�H�Q�T�O�G�U���� �N�C�[�� �E�C�O�Q�W�€�C�I�G�F�� �G�I�I�U�� �F�K�T�G�E�V�N�[�� �Q�P�� �V�J�G�� �I�T�Q�W�P�F���� �6�J�K�U��
�P�Q�P���P�G�U�V�� �D�W�K�N�F�K�P�I�� �U�V�T�C�V�G�I�[�� �J�C�U�� �D�G�G�P�� �U�W�E�E�G�U�U�H�W�N���K�P�� �O�C�P�[�� �P�Q�P���R�C�U�U�G�T�K�P�G���D�K�T�F�� �U�R�G�E�K�G�U�� �=�����?����
But in passerines, observing a shift from a nest-building to non-building strategy in 
response to management or environmental change is unlikely to occur. Nests provide 
�O�C�P�[�� �G�E�Q�N�Q�I�K�E�C�N�� �D�G�P�G�•�V�U���� �K�P�E�N�W�F�K�P�I���� �R�T�Q�V�G�E�V�K�Q�P�� �H�T�Q�O�� �R�T�G�F�C�V�K�Q�P���� �R�T�Q�X�K�F�K�P�I�� �C�� �D�C�T�T�K�G�T�� �H�Q�T��
containment of nestlings, and to some extent buffering the variability in the environment 
�
�G���I������ �Y�K�P�F���� �T�C�K�P���� �V�G�O�R�G�T�C�V�W�T�G���� �=�����?���� �0�G�U�V�� �E�J�C�T�C�E�V�G�T�K�U�V�K�E�U���� �U�W�E�J�� �C�U�� �V�J�K�E�M�P�G�U�U���� �O�C�V�G�T�K�C�N���� �C�P�F��
�G�X�G�P�� �R�N�C�E�G�O�G�P�V�� �O�C�[�� �D�G�� �O�Q�F�K�•�G�F�� �O�Q�T�G�� �S�W�K�E�M�N�[�� �D�C�U�G�F�� �Q�P�� �N�G�C�T�P�K�P�I�� �C�P�F�� �G�Z�R�G�T�K�G�P�E�G���� �(�Q�T��
�G�Z�C�O�R�N�G���� �Q�T�C�P�I�G���E�T�Q�Y�P�G�F�� �Y�C�T�D�N�G�T�U�� �
Vermivora celata���� �P�G�U�V�K�P�I�� �Q�P�� �5�C�P�V�C�� �%�C�V�C�N�K�P�C�� �+�U�N�C�P�F����
California, USA, were more likely to place nests off the ground than their mainland 
�E�Q�W�P�V�G�T�R�C�T�V�U���� �C�P�F���Q�H�H�U�R�T�K�P�I�� �U�W�T�X�K�X�C�N���K�P�E�T�G�C�U�G�F���Y�K�V�J���P�G�U�V���J�G�K�I�J�V���=�����?���� �$�W�V���Y�J�G�P���C�P���C�G�T�K�C�N��
�R�T�G�F�C�V�Q�T�� �
�D�N�W�G�� �L�C�[����Cyanocitta cristata���� �H�Q�W�P�F�� �Q�P�� �V�J�G�� �O�C�K�P�N�C�P�F�� �Y�C�U�� �C�T�V�K�•�E�K�C�N�N�[�� �R�T�G�U�G�P�V�G�F��
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to the island population during nest building, nests were moved closer to the ground 
and to more concealed locations. 

Other songbird behaviors that exhibit innate components include; predator detection 
�=�����?���C�P�F���T�G�E�Q�I�P�K�V�K�Q�P���=�����?�����C�P�F���U�Q�O�G���E�Q�O�R�Q�P�G�P�V�U���Q�H���X�Q�E�C�N���R�T�Q�F�W�E�V�K�Q�P���=�����?���C�P�F���T�G�E�Q�I�P�K�V�K�Q�P��
�=�����?�����+�P�� �I�G�P�G�T�C�N���� �K�P�P�C�V�G�� �D�G�J�C�X�K�Q�T�U�� �U�J�Q�W�N�F�� �G�Z�J�K�D�K�V�� �T�G�N�C�V�K�X�G�N�[�� �N�Q�Y�� �N�G�X�G�N�U�� �Q�H�� �R�N�C�U�V�K�E�K�V�[�� �L��
�G�U�R�G�E�K�C�N�N�[���K�P���E�C�U�G�U���Y�J�G�T�G���C�N�V�G�T�P�C�V�K�X�G���U�V�T�C�V�G�I�K�G�U���C�T�G���P�Q�V���C�X�C�K�N�C�D�N�G���
�G���I�������D�G�I�I�K�P�I�������*�Q�Y�G�X�G�T����
this does not preclude change. In the strictest situation, where a genetically encoded 
�D�G�J�C�X�K�Q�T�� �J�C�U�� �D�G�E�Q�O�G�� �•�Z�G�F�� �K�P�� �C�� �U�R�G�E�K�G�U���� �E�J�C�P�I�G�� �Y�K�N�N�� �T�G�S�W�K�T�G�� �I�G�P�G�V�K�E�� �O�W�V�C�V�K�Q�P�U�� �V�J�C�V��
provide variability, and thus, the fodder on which selection can operate. But in most 
behavioral systems, genetic variation not so tightly constrained. Further, as exhibited 
�V�J�T�Q�W�I�J�� �O�K�I�T�C�V�K�Q�P���� �K�P�P�C�V�G�� �D�G�J�C�X�K�Q�T�� �K�U�� �Q�H�V�G�P�� �T�G�•�P�G�F�� �D�[�� �G�Z�R�G�T�K�G�P�E�G����

Learned Behavior—Systematic 
Here I address learned behavior as a systematic process that functions to maintain some 
level of stability within a range of potential behavioral responses. While experience 
also contributes to learned behavior, I will more explicitly address this situation in the 
�P�G�Z�V�� �U�G�E�V�K�Q�P���� �+�P�� �U�Q�P�I�D�K�T�F�U���� �N�G�C�T�P�K�P�I�� �K�U�� �Q�H�V�G�P�� �E�N�C�U�U�K�•�G�F�� �C�U�� �Q�R�G�P���G�P�F�G�F�� �
�N�K�H�G�N�Q�P�I�� �N�G�C�T�P�K�P�I����
�Q�T�� �E�N�Q�U�G�F���G�P�F�G�F�� �
�N�G�C�T�P�K�P�I�� �Q�E�E�W�T�U�� �F�W�T�K�P�I�� �C�� �U�G�V�� �R�G�T�K�Q�F���� �=�����?�����6�J�K�U�� �U�[�U�V�G�O�� �K�U�� �Q�H�V�G�P�� �W�U�G�F��
�V�Q�� �F�G�U�E�T�K�D�G�� �V�J�G�� �F�G�X�G�N�Q�R�O�G�P�V�� �Q�H�� �U�Q�P�I���� �6�J�G�� �U�R�G�E�K�G�U���U�R�G�E�K�•�E�� �U�Q�P�I�U�� �E�J�C�T�C�E�V�G�T�K�U�V�K�E�� �Q�H�� �O�Q�U�V��
songbirds are learned only during development – being closed ended. Young birds 
�N�K�U�V�G�P���V�Q���V�W�V�Q�T�U���
�U�K�N�G�P�V���R�J�C�U�G�������R�T�C�E�V�K�E�G���
�U�W�D�U�Q�P�I�������C�P�F���G�U�V�C�D�N�K�U�J���C�F�W�N�V���U�Q�P�I���
�E�T�[�U�V�C�N�N�K�\�C�V�K�Q�P����
[55]. Once songs are crystallized, learning on the macro-scale ceases, although minor 
�O�Q�F�K�•�E�C�V�K�Q�P�U�� �V�Q�� �V�G�O�R�Q�T�C�N�� �C�P�F�� �R�K�V�E�J�� �E�J�C�T�C�E�V�G�T�K�U�V�K�E�U�� �E�C�P�� �D�G�� �O�C�F�G�� �K�P�� �O�C�P�[�� �U�R�G�E�K�G�U�� �=��������
57]. Without tutoring, some elements of song may marginally mimic adult song, which 
indicates that there may be some genetic components of song development, but these 
�N�Q�Q�U�G�� �O�K�O�K�E�U�� �C�T�G�� �W�P�N�K�M�G�N�[�� �V�Q�� �H�W�P�E�V�K�Q�P�� �P�Q�T�O�C�N�N�[�� �=�����?�����5�Q�O�G�� �U�R�G�E�K�G�U���� �K�P�E�N�W�F�K�P�I�� �V�J�Q�U�G�� �K�P��
�V�J�G�� �U�W�D�Q�T�F�G�T�� �6�[�T�C�P�P�K�� �
�K���G������ �U�W�D�Q�U�E�K�P�G�U���� �C�T�G�� �C�P�� �G�Z�E�G�R�V�K�Q�P���� �D�G�E�C�W�U�G�� �V�J�G�[�� �V�G�P�F�� �V�Q�� �R�T�Q�F�W�E�G��
�C�F�W�N�V���N�K�M�G�� �U�Q�P�I�U�� �Y�K�V�J�Q�W�V�� �V�W�V�Q�T�K�P�I�� �=�������� �����?�����1�P�G�� �V�J�G�� �Q�V�J�G�T�� �J�C�P�F���� �U�Q�O�G�� �U�R�G�E�K�G�U���� �U�W�E�J�� �C�U��
mockingbirds and other members of the family Mimidae are open-ended learners [61, 
�����?�����5�Q�P�I���N�G�C�T�P�K�P�I���E�Q�P�V�K�P�W�G�U���V�J�T�Q�W�I�J�Q�W�V���C�F�W�N�V�J�Q�Q�F�����5�V�K�N�N�����U�R�G�E�K�G�U���U�R�G�E�K�•�E���E�J�C�T�C�E�V�G�T�K�U�V�K�E�U����
such as the number of times phrases are repeated, are maintained. In most songbird 
species, dramatic changes to song types can be made once per generation during the 
sensitive phase. The limited range of nearby tutors, which is not limited to the paternal 
�R�C�T�G�P�V�� �=�������� �����?���� �U�G�T�X�G�U�� �V�Q�� �E�Q�P�X�G�T�I�G�� �G�C�E�J�� �I�G�P�G�T�C�V�K�Q�P�� �Q�H�� �N�G�C�T�P�G�F�� �U�Q�P�I�U�� �V�Q�Y�C�T�F�� �V�J�G�� �U�R�G�E�K�G�U��
mean. Stabilizing selection is further supported by sexual selection, where females are 
more likely to pair with males that propagate songs that resemble the species mean [65]. 
Sexual selection may also serve to maintain more stable visual courtship displays, since 
�H�G�O�C�N�G�U���V�G�P�F���V�Q���R�T�G�H�G�T���R�G�T�H�Q�T�O�C�P�E�G�U���V�J�C�V���G�Z�G�O�R�N�K�H�[���V�J�G���K�F�G�C�N�K�U�V�K�E���U�R�G�E�K�G�U���U�R�G�E�K�•�E���O�Q�X�G�U��
�
�G���I������ �J�K�I�J�G�U�V�� �N�G�C�R���� �S�W�K�E�M�G�U�V�� �€�K�I�J�V���� �=�����?���� �+�P�� �O�C�P�C�M�K�P�U�� �
�I�G�P�W�U��Manacus���� �C�P�F�� �Q�V�J�G�T�� �U�R�G�E�K�G�U��
with extreme courtship displays sexual selection may even drive the development of 
the physical traits required to perform otherwise atypical body movements including 
�R�T�Q�F�W�E�V�K�Q�P�� �Q�H�� �U�Q�W�P�F�� �Y�K�V�J�� �Q�V�J�G�T�� �U�V�T�W�E�V�W�T�G�U�� �Q�P�� �V�J�G�K�T�� �D�Q�F�[�� �N�K�M�G�� �O�Q�F�K�•�G�F�� �H�G�C�V�J�G�T�U�� �=�����?����

While tutoring and sexual selection might place an outer limit on the rate of change 
in vocal or visual displays that will be observed within a particular individual or 
�I�G�P�G�T�C�V�K�Q�P���� �K�V�� �F�Q�G�U�� �P�Q�V�� �G�N�K�O�K�P�C�V�G�� �O�Q�F�K�•�E�C�V�K�Q�P���� �#�� �O�W�N�V�K���F�G�E�C�F�C�N�� �U�V�W�F�[�� �Q�H�� �U�Q�P�I�� �V�[�R�G�U�� �K�P��
�V�J�G�� �Y�J�K�V�G���V�J�T�Q�C�V�G�F�� �U�R�C�T�T�Q�Y�� �
Zonotrichia albicollis���� �T�G�E�G�P�V�N�[�� �T�G�X�G�C�N�G�F�� �V�J�C�V�� �C�� �P�Q�X�G�N�� �F�Q�W�D�N�G�V��
�G�P�F�K�P�I�� �X�G�T�U�K�Q�P�� �Q�H�� �V�J�G�� �U�R�G�E�K�G�U���U�R�G�E�K�•�E�� �U�Q�P�I�� �C�T�Q�U�G�� �K�P�� �Y�G�U�V�G�T�P�� �%�C�P�C�F�C�� �C�P�F�� �T�G�R�N�C�E�G�F�� �V�J�G��
�V�[�R�K�E�C�N�� �V�T�K�R�N�G�V���G�P�F�K�P�I�� �X�G�T�U�K�Q�P�� �C�E�T�Q�U�U�� �V�J�G�� �O�W�E�J�� �Q�H�� �V�J�G�� �E�Q�P�V�K�P�G�P�V�� �=�����?���� �)�G�Q�N�Q�E�C�V�Q�T�� �V�T�C�E�M�K�P�I��
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indicates that birds from spatially separate breeding regions mix on their wintering 
grounds, where tutoring is likely facilitating the broadscale vocal change. Experimental 
�Y�Q�T�M�� �K�P�� �C�P�� �K�U�Q�N�C�V�G�F�� �R�Q�R�W�N�C�V�K�Q�P�� �Q�H�� �U�C�X�C�P�P�C�J�� �U�R�C�T�T�Q�Y�U�� �
Passerculus sandwichensis���� �T�G�X�G�C�N�U��
�V�J�G�� �R�T�Q�E�G�U�U�� �D�[�� �Y�J�K�E�J�� �C�� �P�Q�X�G�N�� �U�Q�P�I�� �E�C�P�� �D�G�� �K�P�V�G�I�T�C�V�G�F�� �=�����?���� �4�G�U�G�C�T�E�J�G�T�U�� �V�W�V�Q�T�G�F�� �•�X�G��
developing cohorts with a novel song exemplar played via loudspeakers. During six years 
�Q�H�� �V�W�V�G�N�C�I�G�� �Y�K�V�J�� �V�J�G�� �P�Q�X�G�N�� �U�Q�P�I�� �V�[�R�G���� ������ �K�P�F�K�X�K�F�W�C�N�U�� �K�P�E�Q�T�R�Q�T�C�V�G�F�� �V�J�G�� �P�Q�X�G�N�� �U�Q�P�I�� �V�[�R�G��
into their repertoires, and several second-generation birds learned the novel song from 
the previous generation. In this case, however, regulation from sexual selection may have 
been lessened because developing females were also exposed to the novel song type. 

�1�P�G�� �N�G�C�T�P�G�F�� �D�G�J�C�X�K�Q�T�� �V�J�C�V�� �O�C�[�� �D�G�� �N�G�U�U�� �Q�R�G�P�� �V�Q�� �O�Q�F�K�•�E�C�V�K�Q�P�� �K�U�� �K�O�R�T�K�P�V�K�P�I���� �;�Q�W�P�I��
�\�G�D�T�C�� �•�P�E�J�G�U�� �U�G�N�G�E�V�K�X�G�N�[�� �R�T�G�H�G�T�� �V�J�G�K�T�� �J�Q�U�V�� �P�G�U�V�� �X�K�C�� �Q�N�H�C�E�V�Q�T�[�� �K�O�R�T�K�P�V�K�P�I�� �=�����?���� �Y�J�K�E�J�� �O�C�[��
also guide future nest building endeavors. Olfactory imprinting during development 
�O�C�[�� �C�N�U�Q�� �R�N�C�[�� �C�� �T�Q�N�G�� �K�P�� �M�K�P�� �T�G�E�Q�I�P�K�V�K�Q�P�� �=�������� �����?�����#�H�V�G�T�� �€�G�F�I�K�P�I���� �O�Q�U�V�� �U�Q�P�I�D�K�T�F�U�� �U�E�Q�W�V��
their breeding habitat before departure, imprinting on the habitat characteristics to 
�Y�J�K�E�J���V�J�G�[���Y�K�N�N���T�G�V�W�T�P���=�������� �����?���� �#�N�V�J�Q�W�I�J���P�Q�V���E�Q�P�•�T�O�G�F���K�P���U�Q�P�I�D�K�T�F�U�����R�G�N�C�I�K�E���D�K�T�F�U���=�����?����
�U�G�C�� �V�W�T�V�N�G�U�� �=�������� �����?�� �C�P�F�� �U�C�N�O�Q�P�� �=�����?�� �C�N�U�Q�� �K�O�R�T�K�P�V�� �V�Q�� �V�J�G�� �G�C�T�V�J�O�U�� �O�C�I�P�G�V�K�E�� �•�G�N�F�� �F�W�T�K�P�I��
development, allowing for long-distance navigation back to their natal habitats as adults 
for breeding. Imprinting on olfactory or magnetic cues may also facilitate return trips to 
�V�J�G�� �D�T�G�G�F�K�P�I�� �I�T�Q�W�P�F�U�� �K�P�� �U�Q�P�I�D�K�T�F�U���� �$�G�E�C�W�U�G�� �K�O�R�T�K�P�V�G�F�� �D�G�J�C�X�K�Q�T�U�� �C�T�G�� �U�Q�N�K�F�K�•�G�F�� �F�W�T�K�P�I��
�F�G�X�G�N�Q�R�O�G�P�V���� �V�J�G�[�� �O�C�[�� �D�G�� �T�G�N�C�V�K�X�G�N�[�� �P�Q�P���€�G�Z�K�D�N�G�� �K�P�� �C�F�W�N�V�U���� �+�P�� �V�J�G�U�G�� �E�C�U�G�U���� �O�C�P�C�I�G�O�G�P�V��
during development may be required if an alteration to behavior is desired. One famous 
�G�Z�C�O�R�N�G�� �K�U�� �V�J�G�� �K�O�R�T�K�P�V�K�P�I�� �Q�H�� �P�C�Ê�X�G�� �Y�J�Q�Q�R�K�P�I�� �E�T�C�P�G�U�� �
Grus americana���� �Q�P�� �C�P�� �W�N�V�T�C�N�K�I�J�V��
aircraft as surrogate adult guide, and then using this craft to guide birds along the 
�P�G�Y�� �O�K�I�T�C�V�Q�T�[�� �T�Q�W�V�G���� �5�K�P�E�G�� ������������ �K�O�R�T�K�P�V�G�F�� �C�F�W�N�V�� �E�T�C�P�G�U�� �E�Q�P�V�K�P�W�G�� �V�Q�� �W�U�G�� �V�J�K�U�� �V�T�C�K�P�G�F��
�O�K�I�T�C�V�Q�T�[�� �R�C�V�J���� �C�P�F�� �C�T�G�� �P�Q�Y�� �O�C�M�K�P�I�� �V�J�G�K�T�� �Q�Y�P�� �C�F�C�R�V�C�V�K�Q�P�U�� �V�Q�� �V�J�G�� �T�Q�W�V�G�� �=�����?����

Behavior Shaped by Experience 
In contrast with systematic learning, behavior that is shaped by experience is not 
always shared across individuals or populations. In humans, our experiences as a 
youth, our interactions with different cultures, and our exposure to particular traumatic 
or particularly rewarding events very much impact how we act as adults. Conversely, 
�J�C�X�K�P�I�� �C�� �R�Q�N�K�V�K�E�C�N�� �•�I�W�T�G�� �Q�T�� �R�T�Q�H�G�U�U�K�Q�P�C�N�� �C�V�J�N�G�V�G�� �K�P�� �Q�P�G�O�U�� �H�C�O�K�N�[�� �K�P�E�T�G�C�U�G�U�� �V�J�G�� �N�K�M�G�N�K�J�Q�Q�F��
of this career path in the next generation – or more broadly, parental values directly and 
�K�P�F�K�T�G�E�V�N�[�� �K�P�€�W�G�P�E�G���V�J�G���C�U�R�K�T�C�V�K�Q�P�U���Q�H���V�J�G�K�T�� �Q�H�H�U�R�T�K�P�I�� �=�����?���� �2�C�X�N�Q�X�O�U���F�Q�I�U���� �C�P�F�� �G�Z�V�G�P�U�K�Q�P�U��
of classical conditioning make it clear that this process is not limited to the human realm. 

Animals, including songbirds, regularly respond to environmental stimuli and these 
experiences shape future behavior. One particularly poignant example comes from 
�#�O�G�T�K�E�C�P�� �E�T�Q�Y�U�� �
Corvus brachyrhynchos������ �Y�J�K�E�J�� �C�T�G�� �O�G�O�D�G�T�U�� �Q�H�� �V�J�G�� �%�Q�T�X�K�F�� �H�C�O�K�N�[���� �C��
group of birds known for their cognitive abilities. Researchers from the University of 
�9�C�U�J�K�P�I�V�Q�P���Y�Q�T�G���O�C�U�M�U���Y�J�K�N�G���V�T�C�R�R�K�P�I���C�P�F���D�C�P�F�K�P�I���E�T�Q�Y�U���=�����?�����9�J�G�P���V�J�G�U�G���U�C�O�G���O�C�U�M�U��
were worn on campus in future years, crows responded with harsh calls and mobbing, 
but neutral masks were not treated with equal disdain. Like humans, crows also 
�V�T�C�P�U�H�G�T�T�G�F�� �V�J�G�K�T�� �F�K�U�F�C�K�P�� �H�Q�T�� �R�C�T�V�K�E�W�N�C�T�� �O�C�U�M�U�� �V�Q�� �V�J�G�K�T�� �[�Q�W�P�I�� �=�����?���� �+�P�� �C�� �P�Q�X�G�N�� �N�C�D�Q�T�C�V�Q�T�[��
�G�Z�R�G�T�K�O�G�P�V�����H�Q�Q�F���E�C�E�J�K�P�I���U�E�T�W�D���L�C�[�U���
Aphelocoma coerulescens�����V�J�C�V���J�C�F���R�K�N�H�G�T�G�F���V�J�G���E�C�E�J�G�U��
of other jays moved their own cache sites when other jays observed them during their 
�K�P�K�V�K�C�N�� �E�C�E�J�G�� �=�����?�����*�Q�Y�G�X�G�T���� �L�C�[�U�� �Y�K�V�J�Q�W�V�� �R�T�G�X�K�Q�W�U�� �G�Z�R�G�T�K�G�P�E�G�� �R�K�N�H�G�T�K�P�I�� �C�P�Q�V�J�G�T�O�U�� �E�C�E�J�G��
did not alter their own cache sites. While experience-dependent learning is particularly 
impressive in Corvids, it is certainly not limited to this family. Many songbird species 
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�D�G�E�Q�O�G�� �N�G�U�U�� �N�G�G�T�[�� �Q�H�� �R�G�Q�R�N�G�� �Y�J�G�P�� �V�J�G�[�� �G�Z�R�G�T�K�G�P�E�G�� �J�W�O�C�P�U�� �T�G�I�W�N�C�T�N�[�� �=�����?���� �7�T�D�C�P�� �D�N�C�E�M��
�E�C�R�R�G�F�� �E�J�K�E�M�C�F�G�G�U�� �
Poecile atricapillus���� �U�J�Q�Y�� �N�G�U�U�� �P�G�Q�R�J�Q�D�K�C�� �V�Q�Y�C�T�F�U�� �P�Q�X�G�N�� �Q�D�L�G�E�V�U�� �=�����?��
than their rural counterparts, but are less likely to return to a feeder when a house cat 
�O�Q�F�G�N���K�U���R�T�G�U�G�P�V���=�����?�����$�Q�V�J���F�K�H�H�G�T�G�P�E�G�U���C�T�G���N�K�M�G�N�[���F�W�G���V�Q���C���F�K�H�H�G�T�K�P�I���U�G�V���Q�H���R�C�U�V���G�Z�R�G�T�K�G�P�E�G�U����
more benign interactions with novel objects and more adverse interactions with cats in 
urban-dwelling chickadees. 

McGrath and colleagues provided a particularly compelling example of shaping 
�D�G�J�C�X�K�Q�T�� �X�K�C�� �G�Z�R�G�T�K�G�P�E�G�� �K�P�� �C�� �•�G�N�F�� �G�Z�R�G�T�K�O�G�P�V�� �Y�K�V�J�� �Y�K�N�F�� �U�W�R�G�T�D�� �H�C�K�T�[���Y�T�G�P�U�� �
Malurus 
cyaneus���� �=�����?�����6�G�P�� �K�P�F�K�X�K�F�W�C�N�U�� �Y�G�T�G�� �G�Z�R�Q�U�G�F�� �V�Q�� �P�Q�X�G�N�� �C�N�C�T�O�� �E�C�N�N�U�� �C�E�E�Q�O�R�C�P�K�G�F�� �Y�K�V�J��
�C�� �I�N�K�F�K�P�I�� �R�T�G�F�C�V�Q�T�� �O�Q�F�G�N���� �#�N�V�J�Q�W�I�J�� �P�Q�P�G�� �Q�H�� �V�J�G�� �D�K�T�F�U�� �€�G�F�� �K�P�� �T�G�U�R�Q�P�U�G�� �V�Q�� �V�J�G�� �P�Q�X�G�N��
�C�N�C�T�O�� �R�T�K�Q�T�� �V�Q�� �G�Z�R�G�T�K�O�G�P�V�� �R�C�K�T�K�P�I�� �Y�K�V�J�� �C�� �R�T�G�F�C�V�Q�T�� �O�Q�F�G�N���� �P�K�P�G�� �Q�H�� �V�G�P�� �K�P�F�K�X�K�F�W�C�N�U�� �€�G�F��
to the novel alarm after training. These experimental results clearly display the role of 
experience in shaping critical behavioral responses in songbirds, but they also reveal a 
potentially important conservation tool - managers may be able to intentionally modify 
�E�W�G���T�G�U�R�Q�P�U�G�� �U�[�U�V�G�O�U�� �K�P�� �U�Q�P�I�D�K�T�F�U�� �X�K�C�� �C�T�V�K�•�E�K�C�N�� �G�Z�R�G�T�K�G�P�E�G�U�� �V�J�C�V�� �C�N�V�G�T�� �H�W�V�W�T�G�� �D�G�J�C�X�K�Q�T�C�N��
responses. 

Within-individual Behavioral Plasticity 
In many cases, individuals possess the ability to respond and behave differently based 
on variation in a particular set of external cues. This is broadly known as within-
individual plasticity. Foraging demonstrates this concept well in that individuals will 
select prey species based on the combination of prey availability, energetic gain, and 
�V�K�O�G�� �T�G�S�W�K�T�G�F�� �V�Q�� �E�C�R�V�W�T�G�� �C�P�F�� �E�Q�P�U�W�O�G���R�T�G�[�� �=�����?�����6�J�K�U�� �K�F�G�C���� �H�Q�T�O�C�N�K�\�G�F�� �C�U�� �Q�R�V�K�O�C�N��
�H�Q�T�C�I�K�P�I�� �V�J�G�Q�T�[�� �=�����?���� �R�T�Q�R�Q�U�G�U�� �V�J�C�V�� �X�C�T�K�C�V�K�Q�P�� �K�P�� �V�J�G�� �C�H�Q�T�G�O�G�P�V�K�Q�P�G�F�� �E�T�K�V�G�T�K�C�� �Y�K�N�N�� �N�G�C�F��
�V�Q�� �C�� �E�Q�P�U�V�C�P�V�N�[�� �U�J�K�H�V�K�P�I�� �F�K�G�V�� �E�Q�O�R�Q�U�K�V�K�Q�P���� �(�Q�T�� �G�Z�C�O�R�N�G���� �I�T�G�C�V�� �V�K�V�U�� �Q�H�H�G�T�G�F�� �R�T�Q�•�V�C�D�N�G�� �C�P�F��
�W�P�R�T�Q�•�V�C�D�N�G�� �R�T�G�[�� �K�P�� �C�� �N�C�D�� �U�G�V�V�K�P�I�� �Y�G�T�G�� �P�Q�V�� �U�G�N�G�E�V�K�X�G�� �Y�J�G�P�� �D�Q�V�J�� �R�T�G�[�� �F�G�P�U�K�V�K�G�U�� �Y�G�T�G��
�N�Q�Y�� �=�����?�����$�W�V�� �Y�J�G�P�� �V�J�G�� �G�P�E�Q�W�P�V�G�T�� �T�C�V�G�� �Q�H�� �R�T�Q�•�V�C�D�N�G�� �R�T�G�[�� �Y�C�U�� �K�P�E�T�G�C�U�G�F���� �V�K�V�U�� �E�G�C�U�G�F�� �V�Q��
�K�P�I�G�U�V�� �W�P�R�T�Q�•�V�C�D�N�G�� �R�T�G�[���� �%�Q�P�V�K�P�W�G�F�� �T�G�U�G�C�T�E�J�� �K�P�F�K�E�C�V�G�U�� �V�J�C�V�� �Q�R�V�K�O�C�N�� �H�Q�T�C�I�K�P�I�� �K�U�� �C�N�U�Q��
�U�J�C�R�G�F�� �D�[�� �E�Q�O�R�G�V�K�V�K�Q�P�� �H�T�Q�O�� �J�G�V�G�T�Q�U�R�G�E�K�•�E�� �U�R�G�E�K�G�U�� �=�������� �����?���� �C�P�F�� �D�[�� �R�T�G�F�C�V�K�Q�P�� �R�T�G�U�U�W�T�G��
�
�G���I������ �N�C�P�F�U�E�C�R�G�� �Q�H�� �H�G�C�T�� �=�������� �����?�������+�P�� �V�J�G�� �W�T�D�C�P�� �U�G�V�V�K�P�I���� �R�G�T�E�G�K�X�G�F�� �T�K�U�M�� �L�� �C�P�F�� �V�J�G�T�G�H�Q�T�G��
foraging behavior – may also be impacted by connectivity, where isolated patchy habitats 
�C�T�G�� �N�G�U�U�� �N�K�M�G�N�[�� �V�Q�� �D�G�� �W�U�G�F�� �D�[�� �H�Q�T�C�I�G�T�U�� �=�����?����

�2�N�C�U�V�K�E�� �D�G�J�C�X�K�Q�T�� �O�C�[�� �D�G�� �V�J�Q�W�I�J�V�� �Q�H�� �C�U�� �R�Q�U�U�G�U�U�K�P�I�� �C�� �U�W�K�V�G�� �Q�H�� �K�H���V�J�G�P�� �V�C�E�V�K�E�U�� �=�����?���� �(�Q�T��
�V�J�G���H�Q�T�C�I�K�P�I�� �G�Z�C�O�R�N�G���W�U�G�F���C�D�Q�X�G���� �V�J�K�U���O�K�I�J�V���V�T�C�P�U�N�C�V�G���V�Q���N�K�H���R�T�Q�•�V�C�D�N�G���R�T�G�[�� �K�U���C�D�W�P�F�C�P�V����
�C�X�Q�K�F�� �W�P�R�T�Q�•�V�C�D�N�G�� �R�T�G�[�O���� �#�N�V�G�T�P�C�V�K�X�G�N�[���� �N�K�H�� �R�T�Q�•�V�C�D�N�G�� �R�T�G�[�� �K�U�� �P�Q�V�� �C�D�W�P�F�C�P�V���� �E�Q�P�U�W�O�G�� �C�P�[��
available prey’. Tactics can be distinct responses, or represent a range of responses along 
a continuum. A number of songbird species are cooperative breeders, such that related or 
unrelated, non-parental individuals will assist in raising offspring. In this case, a young, 
reproductively capable songbird must select categorically between having a nest of its 
own or helping at the parental nest. Which tactic is chosen is dependent on the costs 
�C�P�F�� �D�G�P�G�•�V�U�� �Q�H�� �G�C�E�J�� �Q�R�V�K�Q�P���� �+�P�� �V�J�G�� �Y�G�N�N���U�V�W�F�K�G�F�� �5�G�[�E�J�G�N�N�G�U�� �Y�C�T�D�N�G�T�� �E�Q�Q�R�G�T�C�V�K�X�G�� �U�[�U�V�G�O��
�=�����?���� �V�J�G�� �F�G�E�K�U�K�Q�P�� �V�Q�� �J�G�N�R�� �C�V�� �C�� �P�G�U�V�� �K�U�� �D�C�U�G�F�� �W�R�Q�P�� �V�J�G�� �C�X�C�K�N�C�D�K�N�K�V�[�� �Q�H�� �P�G�Y�� �V�G�T�T�K�V�Q�T�K�G�U���� �V�J�G��
�S�W�C�N�K�V�[���Q�H���C�X�C�K�N�C�D�N�G���V�G�T�T�K�V�Q�T�K�G�U�����C�P�F���V�J�G���N�K�M�G�N�K�J�Q�Q�F���Q�H���•�P�F�K�P�I���C���O�C�V�G���=�������������?�����6�J�G���F�G�E�K�U�K�Q�P��
to breed or help will be revisited each year, with helping to raise genetically similar 
offspring selected when the likelihood of producing one’s own offspring is low. Habitat 
selection is another case where discrete tactics are employed each year in migratory 
�U�R�G�E�K�G�U���� �U�G�V�V�N�G�� �Q�T�� �F�Q�� �P�Q�V�� �U�G�V�V�N�G�� �=�������?���� �#�� �P�W�O�D�G�T�� �Q�H�� �K�P�V�G�T�C�E�V�K�P�I�� �X�C�T�K�C�D�N�G�U�� �N�K�M�G�N�[�� �R�N�C�[�� �C�� �T�Q�N�G��
�K�P���V�J�G���U�G�N�G�E�V�K�Q�P���Q�H���D�T�G�G�F�K�P�I���C�P�F���Y�K�P�V�G�T�K�P�I���J�C�D�K�V�C�V�U���=�������?�����K�P�E�N�W�F�K�P�I���R�C�V�E�J���U�K�\�G�����X�G�I�G�V�C�V�K�Q�P����
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�C�P�F�� �V�J�G�� �R�T�G�U�G�P�E�G�� �Q�H�� �E�Q�P�U�R�G�E�K�•�E�� �C�P�F�� �J�G�V�G�T�Q�U�R�G�E�K�•�E�� �U�R�G�E�K�G�U�� �=���������� �������?���� �+�P�� �V�J�K�U�� �E�C�U�G���� �X�Q�E�C�N��
�E�Q�P�U�R�G�E�K�•�E���E�W�G�U���J�C�X�G���D�G�G�P���W�U�G�F���V�Q���V�T�C�K�P���U�G�X�G�T�C�N���U�R�G�E�K�G�U���V�Q���W�V�K�N�K�\�G���P�G�Y�N�[���E�T�G�C�V�G�F���=�������?�����Q�T��
�C�N�V�G�T�P�C�V�K�X�G���=���������� �������?���� �J�C�D�K�V�C�V�U���� �*�G�T�G���E�Q�P�U�G�T�X�C�V�K�Q�P���Q�D�L�G�E�V�K�X�G�U���O�K�I�J�V���K�P�E�N�W�F�G���O�C�P�K�R�W�N�C�V�K�P�I��
�D�G�J�C�X�K�Q�T�� �D�[�� �E�C�T�G�H�W�N�N�[�� �C�N�V�G�T�K�P�I�� �€�G�Z�K�D�N�G�� �E�W�G���T�G�U�R�Q�P�U�G�� �U�[�U�V�G�O�U����

In contrast to these discrete sets of tactics, a number of studies have demonstrated 
that songbirds can adjust the frequency of their adult songs along a continuum in 
response to the level of human produced noise, which tends to be low-frequency. While 
higher frequency songs that reduce masking by low-frequency anthropogenic noise 
could arise from selection for individuals that always sing higher-frequency songs, 
a number of studies indicate that individuals can shift their frequency in relation to 
�E�W�T�T�G�P�V���C�O�D�K�G�P�V���E�Q�P�F�K�V�K�Q�P�U���=�����������������?�����+�P���V�J�K�U���E�C�U�G�����K�P�F�K�X�K�F�W�C�N���U�Q�P�I�D�K�T�F�U���O�C�[���D�G���D�C�N�C�P�E�K�P�I��
the need to be heard over elevated ambient noise, with the need to produce vocal cues 
of quality or dominance. Accordingly, we found that black-capped chickadees increased 
�V�J�G�K�T�� �H�T�G�S�W�G�P�E�[�� �V�J�T�Q�W�I�J�Q�W�V�� �V�J�G�� �O�Q�T�P�K�P�I�� �C�U�� �V�T�C�H�•�E�� �N�G�X�G�N�U�� �
�C�P�F�� �P�Q�K�U�G���� �K�P�E�T�G�C�U�G�F�� �=�����?�����+�P��
�C�F�F�K�V�K�Q�P���� �E�J�K�E�M�C�F�G�G�U�� �U�C�P�I�� �C�V�� �I�G�P�G�T�C�N�N�[�� �N�Q�Y�G�T�� �H�T�G�S�W�G�P�E�K�G�U�� �Q�P�� �Y�G�G�M�G�P�F�U�� �Y�J�G�P�� �V�T�C�H�•�E��
levels were lower. Here the tactics would likely be ‘if noise level is high, sing at high 
frequencies to be heard’, but ‘if noise level is low, sign at low frequencies to convey 
information about quality’. While behavioral plasticity might be a welcome trait in a 
rapidly changing world, it is important to remember that the range of tactics available is 
�P�Q�V���D�Q�W�P�F�N�G�U�U�����2�J�[�U�K�E�C�N���C�P�F���R�J�[�U�K�Q�N�Q�I�K�E�C�N���N�K�O�K�V�U���Y�K�N�N���N�K�O�K�V���E�C�R�C�D�K�N�K�V�K�G�U�����(�Q�T���G�Z�C�O�R�N�G�����U�Q�P�I��
production is limited by the vocal tract and beak shape, while foraging will be limited 
�D�[�� �V�J�G�� �C�D�K�N�K�V�[�� �V�Q�� �J�C�P�F�N�G���� �F�K�I�G�U�V���� �C�P�F�� �R�T�Q�E�W�T�G�� �U�W�H�•�E�K�G�P�V�� �P�W�V�T�K�G�P�V�U�� �H�T�Q�O�� �C�X�C�K�N�C�D�N�G�� �H�Q�Q�F��
sources. Further, sexual and natural selection will tend to eliminate extreme diversions 
�H�T�Q�O�� �V�[�R�K�E�C�N���� �U�R�G�E�K�G�U���U�R�G�E�K�•�E�� �D�G�J�C�X�K�Q�T����

Different Behavioral Strategies Among-individuals 

�+�H�� �K�P�F�K�X�K�F�W�C�N�� �U�Q�P�I�D�K�T�F�U�� �C�N�V�G�T�� �V�J�G�K�T�� �D�G�J�C�X�K�Q�T�� �K�P�� �Y�C�[�U�� �V�Q�� �O�C�Z�K�O�K�\�G�� �I�C�K�P�� �
�D�G�P�G�•�V�U���E�Q�U�V�U������
the existence of multiple tactics is not surprising. However, we also observe several 
behavioral patterns that are consistent within individuals, but differ between individuals. 
�(�Q�T�� �G�Z�C�O�R�N�G���� �Y�K�P�V�G�T�K�P�I�� �Q�X�G�P�D�K�T�F�U�� �
Seiurus aurocapilla���� �K�P�� �V�J�G�� �9�G�U�V�� �+�P�F�K�G�U�� �Y�G�T�G�� �E�N�C�U�U�K�•�G�F��
�C�U�� �U�G�F�G�P�V�C�T�[�� �=�������?�� �
�G���I������ �J�Q�N�F�K�P�I�� �U�V�C�D�N�G�� �V�G�T�T�K�V�Q�T�K�G�U���� �Q�T�� �€�Q�C�V�G�T�U�� �
�G���I������ �J�Q�N�F�K�P�I�� �U�O�C�N�N�� �Q�T�� �P�Q��
�V�G�T�T�K�V�Q�T�K�G�U�� �Y�K�V�J�� �T�G�I�W�N�C�T�� �H�Q�T�C�I�K�P�I�� �G�Z�E�W�T�U�K�Q�P�U������ �1�P�N�[�� �C�� �U�O�C�N�N�� �R�Q�T�V�K�Q�P�� �Q�H�� �V�J�G�� �R�Q�R�W�N�C�V�K�Q�P��
�G�Z�J�K�D�K�V�G�F�� �C�� �€�Q�C�V�K�P�I�� �U�V�T�C�V�G�I�[���� �C�P�F�� �C�T�V�K�•�E�K�C�N�N�[�� �C�N�V�G�T�K�P�I�� �H�Q�Q�F�� �C�X�C�K�N�C�D�K�N�K�V�[�� �F�K�F�� �P�Q�V�� �R�T�Q�F�W�E�G��
changes in foraging strategies. So, the question might arise as to which strategy is best, 
�C�P�F�� �Y�J�[�� �D�Q�V�J�� �E�Q�P�V�K�P�W�G�� �V�Q�� �R�G�T�U�K�U�V���� �6�J�G�� �C�P�U�Y�G�T�� �J�G�T�G�� �K�U�� �V�J�C�V�� �V�J�G�� �•�V�P�G�U�U�� �X�C�N�W�G�� �Q�H�� �G�C�E�J��
strategy was dependent upon the environment. In years when food resources were high, 
sedentary, territory holders had higher body mass – an indicator of health. But, when 
�H�Q�Q�F�� �Y�C�U�� �U�E�C�T�E�G���� �€�Q�C�V�G�T�U�� �L�� �Y�J�Q�� �Y�G�T�G�� �O�Q�T�G�� �N�K�M�G�N�[�� �V�Q�� �U�G�C�T�E�J�� �H�Q�T�� �C�P�F�� �G�Z�R�N�Q�K�V�� �P�Q�X�G�N�� �H�Q�Q�F��
�T�G�U�Q�W�T�E�G�U�� �L�� �J�C�F�� �J�K�I�J�G�T�� �D�Q�F�[�� �O�C�U�U���� �6�J�W�U���� �C�� �€�W�E�V�W�C�V�K�P�I�� �G�P�X�K�T�Q�P�O�G�P�V�� �Y�K�N�N�� �O�C�K�P�V�C�K�P�� �D�Q�V�J��
behavioral strategies within the population. 

Even in a stable environment, multiple behavioral strategies can coexist. In the above 
�G�Z�C�O�R�N�G���� �€�Q�C�V�G�T�U�� �Y�G�T�G�� �C�N�Y�C�[�U�� �N�G�U�U�� �E�Q�O�O�Q�P�� �V�J�C�P�� �U�G�F�G�P�V�C�T�[�� �D�K�T�F�U���� �+�H�� �V�J�G�� �R�G�T�E�G�P�V�C�I�G�� �Q�H��
�€�Q�C�V�G�T�U�� �K�P�� �V�J�G�� �R�Q�R�W�N�C�V�K�Q�P�� �K�P�E�T�G�C�U�G�U���� �V�J�G�T�G�� �Y�K�N�N�� �D�G�� �H�G�Y�G�T�� �V�G�T�T�K�V�Q�T�[�� �J�Q�N�F�G�T�U���� �7�P�F�G�T�� �V�J�K�U��
scenario, defending a high-quality territory might become easier since fewer birds are 
doing so – and selection will favor territory holders. Conversely, if most birds hold 
territories, defense of new territories becomes costly, and intrusion by a few individuals 
�K�P�V�Q�� �V�G�T�T�K�V�Q�T�K�G�U�� �O�C�[�� �I�Q�� �W�P�P�Q�V�K�E�G�F���� �7�P�F�G�T�� �V�J�K�U�� �U�E�G�P�C�T�K�Q���� �K�P�F�K�X�K�F�W�C�N�U�� �Y�K�V�J�� �C�� �€�Q�C�V�K�P�I��
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strategy become favored. This is known as frequency-dependent selection, where the 
most stable situation will favor the existence of multiple behavioral strategies within 
�V�J�G�� �R�Q�R�W�N�C�V�K�Q�P�� �=�������?���� �#�V�� �V�K�O�G�U���� �V�J�G�� �T�G�N�C�V�K�X�G�� �H�T�G�S�W�G�P�E�[�� �Q�H�� �O�W�N�V�K�R�N�G�� �U�V�T�C�V�G�I�K�G�U�� �E�C�P�� �G�X�G�P�� �D�G��
�R�T�G�F�K�E�V�G�F���� �(�Q�T�� �G�Z�C�O�R�N�G���� �€�Q�C�V�K�P�I�� �U�J�Q�W�N�F�� �D�G�� �E�Q�P�U�K�U�V�G�P�V�N�[�� �N�G�U�U�� �E�Q�O�O�Q�P�� �V�J�C�P�� �C�� �U�G�F�G�P�V�C�T�[��
�U�V�T�C�V�G�I�[�����+�H���C���O�C�L�Q�T�K�V�[�����Q�T���G�X�G�P���C���U�V�T�Q�P�I���O�K�P�Q�T�K�V�[���Q�H���K�P�F�K�X�K�F�W�C�N�U���W�V�K�N�K�\�G���C���€�Q�C�V�K�P�I���U�V�T�C�V�G�I�[����
territory holders will likely strengthen their defenses to avoid a substantial loss of 
resources. This equilibrium of strategies is known as an Evolutionary Stable Strategy 
�
�'�5�5���=�������?�������#�U���Y�K�V�J���U�R�G�E�K�G�U���C�P�F���I�G�P�G�V�K�E�U�����O�C�K�P�V�C�K�P�K�P�I���C���F�K�X�G�T�U�K�V�[���Q�H���D�G�J�C�X�K�Q�T�C�N���U�V�T�C�V�G�I�K�G�U��
is often important for maintaining ecosystem function. For example, an environment that 
�G�N�K�O�K�P�C�V�G�U���V�J�G���€�Q�C�V�K�P�I���U�V�T�C�V�G�I�[���K�P���Y�K�P�V�G�T�K�P�I���Q�X�G�P�D�K�T�F�U�����Y�K�N�N���K�P�E�T�G�C�U�G���T�K�U�M���Q�H���R�Q�R�W�N�C�V�K�Q�P����
or even species extinction during years with low foraging resources. 

Box 1 �2�N�C�U�V�K�E�K�V�[�� �K�P�� �D�G�J�C�X�K�Q�T��

�”�� Behavior is the way in which an animal acts in response to a particular situation 
or stimulus 

�”�� Behavior is shaped by selection through a cue, response, and outcome 

�”�� �/�Q�F�K�•�G�F���G�P�X�K�T�Q�P�O�G�P�V�U���E�C�P���O�K�U�C�N�K�I�P���E�W�G���T�G�U�R�Q�P�U�G���U�[�U�V�G�O�U�����R�Q�V�G�P�V�K�C�N�N�[���T�G�U�W�N�V�K�P�I��
�K�P���O�K�U�O�C�V�E�J�G�U���Y�J�G�T�G���D�G�J�C�X�K�Q�T���D�G�E�Q�O�G�U���O�C�N�C�F�C�R�V�K�X�G���
�G���I�������G�X�Q�N�W�V�K�Q�P�C�T�[���O�K�U�O�C�V�E�J����

�”�� Behavioral systems can also shift to accommodate altered systems to some extent 
�”�� Flexibility in a behavioral system depends on the strength of selection and the 

presence of variation or plasticity in responses 

�”�� �#�P�� �G�X�Q�N�W�V�K�Q�P�C�T�K�N�[�� �U�V�C�D�N�G�� �U�V�T�C�V�G�I�[�� �
�'�5�5���� �O�K�I�J�V�� �K�P�E�N�W�F�G�� �O�W�N�V�K�R�N�G�� �D�G�J�C�X�K�Q�T�C�N��
strategies, which are maintained by: 
�|�� Variable habitats 
�|�� Frequency dependent selection 
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Managing Behavior in the Midst of Anthropogenic Change 

Why Integrating Behavior is Important 

The structure and function of earth’s ecosystems are changing rapidly – perhaps more 
rapidly than at any time in history. The mere fact that ecosystems are changing is 
�P�G�K�V�J�G�T�� �C�D�P�Q�T�O�C�N�� �P�Q�T�� �R�T�Q�D�N�G�O�C�V�K�E���� �*�Q�Y�� �O�C�P�[�� �V�K�O�G�U�� �J�C�X�G�� �Y�G�� �D�G�G�P�� �C�U�V�Q�P�K�U�J�G�F�� �V�Q�� �•�P�F��
�C�P�E�K�G�P�V�� �•�P�F�� �O�C�T�K�P�G�� �H�Q�U�U�K�N�U�� �K�P�� �J�K�I�J�� �F�G�U�G�T�V�U���=�������?�����Q�T�� �U�K�I�P�U�� �Q�H�� �N�W�U�J�� �C�P�E�K�G�P�V�� �H�Q�T�G�U�V�U�� �K�P��
�H�T�Q�\�G�P���K�E�G���E�Q�T�G�U���=�������?�����6�J�G���K�U�U�W�G���K�U���P�Q�V���E�J�C�P�I�G�����D�W�V���T�C�V�J�G�T�����T�C�V�G���Q�H���E�J�C�P�I�G�����+�P���V�J�G���G�Z�C�O�R�N�G�U��
above we are observing the remnants of dramatic changes that occurred over Millenia. 
Today, we are witnessing equally dramatic changes that occur over only a few years, 
or sometimes just days. While natural events, such as hurricanes or volcanoes can 
dramatically reshape landscapes over a short duration, the majority of the changes we 
are witnessing are anthropogenic – or human produced. Andy Sih and colleagues have 
labelled this pervasive phenomenon as Human Induced Rapid Environmental Change, 
�C�D�D�T�G�X�K�C�V�G�F�� �C�U�� �*�+�4�'�%�� �=�������� �������?�����+�P�� �K�V�U�� �O�Q�U�V�� �G�Z�V�T�G�O�G�� �H�Q�T�O���� �*�+�4�'�%�� �T�G�U�W�N�V�U�� �K�P�� �E�Q�O�R�N�G�V�G��
habitat conversion – which is typically equivalent to habitat destruction for native 
organisms. Examples include conversion of forest to housing developments and parking 
lots, grasslands to monocultures, rivers to dammed reservoirs, etc. In these cases, the 
fundamental resources required for life are typically removed, or altered to a point that 
they are no longer accessible to native organisms. Here an understanding of behavior 
�C�P�F���€�G�Z�K�D�K�N�K�V�[���K�P���E�W�G���T�G�U�R�Q�P�U�G���U�[�U�V�G�O�U���O�C�[���J�C�X�G���N�K�V�V�N�G���K�O�R�C�E�V���Q�P���C���O�C�P�C�I�G�O�G�P�V���U�V�T�C�V�G�I�[����
But in many cases, anthropogenic impacts are more subtle. The food web in an urban 
park, for example, is probably different than a similar preserve located within a larger 
undeveloped habitat. However, an urban park may retain a number of trophic levels 
and a different, but functional, food web. Yet, as urbanization increases, these habitats 
often contain fewer species of nesting songbirds [115]. Why? 

Classical concepts from landscape ecology would suggest that managers consider 
�N�C�T�I�G�T���U�E�C�N�G���U�R�C�V�K�C�N���X�C�T�K�C�D�N�G�U�����U�W�E�J���C�U���R�C�V�E�J���U�K�\�G�����N�C�P�F�U�E�C�R�G���E�Q�P�•�I�W�T�C�V�K�Q�P�����C�P�F���E�Q�P�P�G�E�V�K�X�K�V�[��
�Y�K�V�J�� �Q�V�J�G�T�� �J�C�D�K�V�C�V�� �R�C�V�E�J�G�U���=�������L�������?�����6�J�G�T�G�� �K�U�� �P�Q�� �F�Q�W�D�V�� �V�J�C�V�� �H�T�C�I�O�G�P�V�K�P�I�� �J�C�D�K�V�C�V����
�T�G�U�V�T�K�E�V�K�P�I�� �O�Q�X�G�O�G�P�V���� �T�G�F�W�E�K�P�I�� �C�P�F�� �K�U�Q�N�C�V�K�P�I�� �T�G�U�Q�W�T�E�G�U���� �G�V�E���� �Y�K�N�N�� �F�K�T�G�E�V�N�[�� �K�O�R�C�E�V�� �•�V�P�G�U�U��
�C�P�F���R�Q�R�W�N�C�V�K�Q�P���R�G�T�U�K�U�V�G�P�E�G�����+���C�O���E�Q�P�•�F�G�P�V���V�J�C�V���G�X�G�T�[���C�W�V�J�Q�T���K�P���V�J�K�U���V�G�Z�V���Y�Q�W�N�F���C�F�X�Q�E�C�V�G��
for assessing resource and landscape needs as priority objectives for managing songbird 
species. But we might also ask the question: Is this enough? For several years, I worked 
�Y�K�V�J���C���V�G�C�O���Q�H���T�G�U�G�C�T�E�J�G�T�U���V�Q���C�V�V�T�C�E�V���*�G�P�U�N�Q�Y�O�U���U�R�C�T�T�Q�Y�U���
Ammodramus henslowii�����V�Q���H�Q�W�T��
�T�G�E�Q�P�U�V�T�W�E�V�G�F�� �Y�C�T�O���U�G�C�U�Q�P�� �I�T�C�U�U�N�C�P�F�� �R�T�C�K�T�K�G�U�� �K�P�� �5�Q�W�V�J�Y�G�U�V�G�T�P�� �/�K�E�J�K�I�C�P���� �'�C�E�J�� �•�G�N�F��
�Y�C�U�� �`���L������ �J�G�E�V�C�T�G�U�� �K�P�� �U�K�\�G���� �&�G�U�R�K�V�G�� �V�J�G�� �T�G�K�P�V�T�Q�F�W�E�V�K�Q�P�� �Q�H�� �P�C�V�K�X�G�� �Y�C�T�O���U�G�C�U�Q�P�� �I�T�C�U�U�G�U����
Henslow’s sparrows, and several other grassland obligate species, were consistently 
�C�D�U�G�P�V���� �#�V�� �•�T�U�V�� �D�N�W�U�J���� �C�P�� �C�U�V�W�V�G�� �Q�D�U�G�T�X�G�T�� �O�K�I�J�V�� �U�V�C�V�G���� �Q�V�J�G�U�G�� �R�T�C�K�T�K�G�U�� �C�T�G�� �V�Q�Q�� �U�O�C�N�N���R��
�2�G�T�J�C�R�U�� �V�J�K�U�� �K�U�� �V�T�W�G���� �C�P�F�� �V�J�K�U�� �Q�W�V�E�Q�O�G�� �F�Q�G�U�� �G�O�R�J�C�U�K�\�G�� �V�J�G�� �K�O�R�Q�T�V�C�P�E�G�� �Q�H�� �G�X�C�N�W�C�V�K�P�I��
landscape variables prior to restoration efforts. But, if the landscape perspective that 
�V�J�G�U�G���J�C�D�K�V�C�V�U���C�T�G���V�Q�Q���U�O�C�N�N���K�U���Q�W�T���•�P�C�N���C�P�U�Y�G�T�����V�J�G���T�G�E�Q�P�U�V�T�W�E�V�K�Q�P���Q�H���V�J�G�U�G���H�Q�W�T��� �̀������C�E�T�G��
�•�G�N�F�U�� �H�Q�T�� �V�J�G�� �E�Q�P�U�G�T�X�C�V�K�Q�P�� �Q�H�� �I�T�C�U�U�N�C�P�F�� �D�K�T�F�U�� �Y�C�U�� �C�� �Y�C�U�V�G�F�� �G�P�F�G�C�X�Q�T����

�/�K�I�J�V�� �C�P�� �W�P�F�G�T�U�V�C�P�F�K�P�I�� �Q�H�� �D�G�J�C�X�K�Q�T�� �[�G�V�� �Q�R�G�P�� �V�J�G�U�G�� �•�G�N�F�U�� �V�Q�� �W�U�G�� �D�[�� �Q�D�N�K�I�C�V�G��
�I�T�C�U�U�N�C�P�F�� �D�K�T�F�U�!�� �#�V�� ������������ �J�G�E�V�C�T�G�U���=�������?���� �C���*�G�P�N�Q�Y�O�U�� �P�G�U�V�K�P�I�� �V�G�T�T�K�V�Q�T�[�� �E�Q�W�N�F�� �•�V�� �G�C�U�K�N�[��
�Y�K�V�J�K�P�� �V�J�G�U�G�� �•�G�N�F�U�� �Y�K�V�J�� �C�O�R�N�G�� �T�Q�Q�O�� �H�Q�T�� �H�Q�T�C�I�K�P�I���� �1�W�T�� �•�G�N�F�U�� �Y�G�T�G�� �€�W�U�J�� �Y�K�V�J�� �C�� �F�K�X�G�T�U�G��
insect community, ample water was available in nearby habitats, and grasses provided 
the cover thought necessary for nest placement and concealment. If the fundamental 
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resource provisions are in place, perhaps an overlooked cue-response system is not 
�H�W�P�E�V�K�Q�P�C�N�� �L�� �Q�T�� �J�C�U�� �R�T�G�X�G�P�V�G�F�� �V�J�G�� �U�G�N�G�E�V�K�Q�P�� �Q�H�� �V�J�G�U�G�� �J�C�D�K�V�C�V�U���� �#�N�V�G�T�P�C�V�K�X�G�N�[���� �K�P�V�G�T�U�R�G�E�K�•�E��
interaction might differ. For example, the greater composition of edge habitat might result 
in higher populations of avian or terrestrial nest predators. In this particular case, the 
landowner and managing organization wanted to investigate further. One hypothesis 
�Y�C�U�� �V�J�C�V�� �E�Q�P�U�R�G�E�K�•�E�� �E�W�G�U�� �Y�G�T�G�� �O�K�U�U�K�P�I���� �+�V�� �K�U�� �P�Q�V�� �W�P�E�Q�O�O�Q�P�� �H�Q�T�� �D�K�T�F�U�� �V�Q�� �W�U�G�� �X�Q�E�C�N�� �E�W�G�U��
�V�J�C�V���K�P�F�K�E�C�V�G���E�Q�P�U�R�G�E�K�•�E���R�T�G�U�G�P�E�G���Y�J�G�P���U�G�N�G�E�V�K�P�I���D�T�G�G�F�K�P�I���V�G�T�T�K�V�Q�T�K�G�U���=�����������������?�����$�W�V�����V�Y�Q��
years of song playback resulted in only one nesting Henslow’s sparrow. Not zero, but 
not the resounding success that has been seen using this technique elsewhere [122]. 

Dr. Rob Keys, a colleague at a university in Grand Rapids, Michigan, hypothesized 
that these northern populations of grassland obligate birds were preferentially selecting 
�Q�N�F���•�G�N�F�U���E�Q�O�R�T�K�U�G�F���Q�H���P�Q�P���P�C�V�K�X�G�����E�Q�Q�N���U�G�C�U�Q�P�U���I�T�C�U�U�G�U���
�C�U���Q�R�R�Q�U�G�F���V�Q���Q�W�T���•�G�N�F�U���R�N�C�P�V�G�F��
�Y�K�V�J�� �Y�C�T�O���U�G�C�U�Q�P�� �I�T�C�U�U�G�U������ �9�J�K�N�G�� �V�J�K�U�� �Y�Q�W�N�F�� �E�Q�P�V�T�C�U�V�� �Y�K�V�J�� �T�G�U�G�C�T�E�J�� �H�T�Q�O�� �Q�V�J�G�T�� �R�C�T�V�U��
�Q�H���V�J�G���T�C�P�I�G���=�������?���� �C���H�G�Y���C�P�G�E�F�Q�V�C�N���� �D�W�V���P�Q�V�C�D�N�G�����Q�D�U�G�T�X�C�V�K�Q�P�U���U�W�R�R�Q�T�V�G�F���V�J�K�U���J�[�R�Q�V�J�G�U�K�U����
�(�K�T�U�V���� �*�G�P�U�N�Q�Y�O�U�� �U�R�C�T�T�Q�Y�U�� �J�C�F�� �D�G�G�P�� �T�G�R�Q�T�V�G�F�� �O�Q�T�G�� �T�G�I�W�N�C�T�N�[�� �K�P�� �Q�W�T�� �•�G�N�F�� �D�G�H�Q�T�G�� �V�J�G�K�T��
conversion to warm-season grasses. Second, a broad survey of other potential grassland 
sites in the region indicated that locations dominated by cool-season grasses were 
for more likely to house populations of grassland obligates; including Henslow’s 
�U�R�C�T�T�Q�Y�U���� �$�Q�D�Q�N�K�P�M�U�� �
Dolichonyx oryzivorus������ �'�C�U�V�G�T�P�� �O�G�C�F�Q�Y�N�C�T�M�U�� �
Sturnella magna������
�U�C�X�C�P�P�C�J�� �U�R�C�T�T�Q�Y�U�� �
Passerculus sandwichensis������ �C�P�F�� �I�T�C�U�U�J�Q�R�R�G�T�� �U�R�C�T�T�Q�Y�U�� �
Ammodramus 
savannarum������ �+�P�� ������������ �G�Z�R�G�T�K�O�G�P�V�C�N�� �O�Q�Y�K�P�I�� �C�P�F�� �T�G�R�N�C�P�V�K�P�I�� �T�G�U�W�N�V�G�F�� �K�P�� �V�G�T�T�K�V�Q�T�K�C�N��
�G�U�V�C�D�N�K�U�J�O�G�P�V�� �D�[�� �G�K�I�J�V�� �K�P�F�K�X�K�F�W�C�N�U�� �H�T�Q�O�� �V�Y�Q�� �Q�D�N�K�I�C�V�G�� �U�R�G�E�K�G�U�� �
�*�G�P�U�N�Q�Y�O�U�� �C�P�F�� �U�C�X�C�P�P�C�J��
�U�R�C�T�T�Q�Y�U���� �W�P�R�W�D�N�K�U�J�G�F�� �F�C�V�C������ �#�P�� �C�P�C�N�Q�I�Q�W�U�� �U�V�W�F�[�� �K�P�� �V�J�G�� �J�K�U�V�Q�T�K�E�C�N�N�[�� �H�Q�T�G�U�V�G�F�� �R�K�G�F�O�Q�P�V��
region of North Carolina, USA, found that obligate grassland birds showed no preference 
�H�Q�T�� �Y�C�T�O�� �Q�T�� �E�Q�Q�N���U�G�C�U�Q�P�� �I�T�C�U�U�G�U�� �=�������?���� �+�V�� �K�U�� �R�N�C�W�U�K�D�N�G�� �V�J�C�V�� �I�T�C�U�U�N�C�P�F�� �Q�D�N�K�I�C�V�G�� �U�Q�P�I�D�K�T�F�U��
now breeding in regions that historically contained minimal native grassland habitat are 
�E�W�G�K�P�I���K�P���Q�P���V�J�G���E�Q�Q�N���U�G�C�U�Q�P���I�T�C�U�U�G�U���H�Q�W�P�F���O�Q�T�G���E�Q�O�O�Q�P�N�[���K�P���C�D�C�P�F�Q�P�G�F���H�C�T�O���•�G�N�F�U�����+�H��
so, ‘restoring’  cool-season grasslands in these regions that accommodate this potentially 
altered cue-response system might be of value. Alternatively, facultative grassland bird 
�U�R�G�E�K�G�U�����U�W�E�J���C�U���V�J�G���•�G�N�F���
Spizella pusilla�����C�P�F���U�Q�P�I���U�R�C�T�T�Q�Y�U���
Melospiza melodia�����V�J�C�V���C�T�T�K�X�G��
earlier in the spring could be preferentially selecting warm-season grasses and excluding 
�Q�D�N�K�I�C�V�G�U�� �H�T�Q�O�� �V�J�G�U�G�� �V�G�T�T�K�V�Q�T�K�G�U�� �L�� �C�� �E�C�U�G�� �Q�H�� �J�G�V�G�T�Q�U�R�G�E�K�•�E�� �E�Q�O�R�G�V�K�V�K�Q�P���� �4�G�U�G�C�T�E�J�� �Q�P�� �V�J�K�U��
particular topic is ongoing and it may be too early to alter management regimes, but it 
illustrates well the point that understanding behavior might lead to tangible shifts in 
management strategies. 

Potential Anthropogenic Changes to Cue-response Systems 
�5�Q�O�G���E�W�G���T�G�U�R�Q�P�U�G���U�[�U�V�G�O�U���K�P���U�Q�P�I�D�K�T�F�U���C�T�G���E�N�G�C�T�N�[���O�Q�T�G���€�G�Z�K�D�N�G���V�J�C�P���Q�V�J�G�T�U�����$�W�V���C�N�N���C�T�G��
to some extent engrained in individual birds and populations. As such, we must expect 
that any time human activities alter the environment, there is likely to be an impact on 
�V�J�G�� �G�U�V�C�D�N�K�U�J�G�F�� �D�G�J�C�X�K�Q�T�C�N�� �T�G�U�R�Q�P�U�G�U���� �C�P�F�� �V�J�G�T�G�H�Q�T�G���� �Q�P�� �•�V�P�G�U�U���� �$�W�V�� �Y�J�C�V�� �C�P�V�J�T�Q�R�Q�I�G�P�K�E��
impacts should be monitored beyond the obvious impacts of habitat destruction and 
�O�Q�F�K�•�E�C�V�K�Q�P�!�� �6�Q�� �C�P�U�Y�G�T�� �V�J�K�U�� �S�W�G�U�V�K�Q�P�� �E�Q�P�E�N�W�U�K�X�G�N�[�� �T�G�S�W�K�T�G�U�� �C�P�� �K�P�V�K�O�C�V�G�� �M�P�Q�Y�N�G�F�I�G�� �Q�H��
the species and behaviors present in the ecosystem of interest – indicating that location-
�U�R�G�E�K�•�E�� �•�G�N�F�� �U�V�W�F�K�G�U�� �C�P�F�� �P�C�V�W�T�C�N�� �J�K�U�V�Q�T�[�� �U�E�J�Q�N�C�T�U�� �Y�K�N�N�� �T�G�O�C�K�P�� �R�C�T�C�O�Q�W�P�V�� �C�U�� �Y�G�� �O�Q�X�G��
through the Anthropocene. However, there are a few common, but often overlooked, 
�F�K�U�V�W�T�D�C�P�E�G�� �T�G�I�K�O�G�U�� �V�J�C�V�� �+�� �Y�K�N�N�� �C�F�F�T�G�U�U�� �J�G�T�G���� �5�R�G�E�K�•�E�C�N�N�[���� �+�� �Y�K�N�N�� �D�T�K�G�€�[�� �C�F�F�T�G�U�U�� �U�G�P�U�Q�T�[��
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ecology, range shifts and species invasions, and temperature change. Each topic is 
explored in more depth in the chapters that follow. 

Sensory ecology deals with how birds perceive and respond to cues through vision, 
olfaction, acoustics, taste, touch, and magnetoreception. These topics are explored 
in depth in the text, The Sensory Ecology of Birds [125]. Despite their critical role in 
eliciting particular behaviors, many of these changes are not quickly perceived by 
human observers. For example, because most of us have become accustomed to light 
and sound pollution near our homes and places of work, we are less aware of the 
potential impact of the noise from airplanes as they regularly pass over otherwise 
remote habitats [126] or the effect of the pervasive, ever-present glow of the city skyline 
in exurban landscapes [127]. If we fail to measure, mitigate, and manage the sensory 
environment, we may create visually pleasing habitats that are devoid of the species we 
�C�K�O���V�Q���R�T�Q�V�G�E�V�����&�Q�O�K�P�Q�P�K���G�V���C�N�����=�������?���P�K�E�G�N�[���F�G�U�E�T�K�D�G���J�Q�Y���U�G�P�U�Q�T�[���G�E�Q�N�Q�I�[���E�C�P���E�Q�P�V�T�K�D�W�V�G��
to conservation biology. In their perspective paper, they suggest that sensory pollutants 
impact cue-response systems in three ways. First, masking reduces an organism’s ability 
to detect or discriminate cues. Second, distraction interferes with an organism’s ability 
to process cues because other overlapping cues have captured the individual’s attention. 
Third, misleading �E�W�G�U�� �T�G�U�W�N�V�� �H�T�Q�O�� �E�Q�P�€�C�V�K�Q�P�� �Q�H�� �U�G�P�U�Q�T�[�� �R�Q�N�N�W�V�C�P�V�U�� �Y�K�V�J�� �P�C�V�W�T�C�N�� �E�W�G�U����
leading to an inappropriate response. The path towards resolution differs for each of 
these sensory pollution mechanisms. For example, spatial and/or temporal separation 
between competing cues may be required when distraction is the primary mechanism. 
As the literature on sensory ecology grows and summative reviews become available 
�=�������������?�����+�� �T�G�E�Q�O�O�G�P�F�� �V�J�C�V�� �O�C�P�C�I�G�T�U�� �K�P�E�Q�T�R�Q�T�C�V�G�� �V�J�G�� �N�C�V�G�U�V�� �F�G�X�G�N�Q�R�O�G�P�V�U�� �Y�J�G�P�G�X�G�T��
possible. 

As the physical parameters that limit songbird establishment shift, we should expect 
that changes in species ranges and niches will respond accordingly – which will alter 
which set of species are interacting with each other in any given area. The impacts 
of climate change on regional and global temperature is one clear example that I will 
address in the next paragraph. But even small-scale changes to habitats can alter the 
�F�K�U�V�T�K�D�W�V�K�Q�P���C�P�F���K�P�V�G�T�C�E�V�K�Q�P���N�G�X�G�N�U���Q�H���J�G�V�G�T�Q�U�R�G�E�K�•�E���U�R�G�E�K�G�U�����(�Q�T���G�Z�C�O�R�N�G�����Q�K�N���G�Z�V�T�C�E�V�K�Q�P���K�P��
Northern Michigan has perforated forest interiors with small anthropogenic openings. 
Between these openings, which are referred to as ‘pads’, the native forests remain largely 
contiguous. In many cases interior songbird species continue to nest near the edges of 
these pads. But research by some of my former students indicated that the insertion of 
small openings and edge habitats has increased the presence of edge-associated avian 
�P�G�U�V���R�T�G�F�C�V�Q�T�U���P�G�C�T���R�C�F���U�K�V�G�U�����Y�J�K�E�J���T�G�U�W�N�V�G�F���K�P���U�K�I�P�K�•�E�C�P�V�N�[���J�K�I�J�G�T���R�T�G�F�C�V�K�Q�P���T�C�V�G�U���K�P���C�P��
�C�T�V�K�•�E�K�C�N�� �P�G�U�V�� �U�V�W�F�[�� �=�������?���� �%�Q�O�R�G�V�K�V�K�Q�P�� �H�T�Q�O�� �P�Q�X�G�N���� �P�Q�P���R�T�G�F�C�V�Q�T�[�� �J�G�V�G�T�Q�U�R�G�E�K�•�E�� �U�R�G�E�K�G�U��
�O�C�[�� �C�N�U�Q�� �K�O�R�C�E�V�� �P�C�V�K�X�G�� �U�R�G�E�K�G�U�� �C�U�� �T�C�P�I�G�U�� �U�J�K�H�V���� �6�J�G�� �U�W�E�E�G�U�U�K�Q�P�� �Q�H�� �Q�N�F�� �•�G�N�F�� �J�C�D�K�V�C�V�� �V�Q��
shrub ecosystems in portions of the northern United States has facilitated the recent 
�G�U�V�C�D�N�K�U�J�O�G�P�V�� �Q�H�� �D�N�W�G���Y�K�P�I�G�F�� �Y�C�T�D�N�G�T�U�� �
Vermivora pinus���� �K�P�� �N�Q�E�C�V�K�Q�P�U�� �R�T�G�X�K�Q�W�U�N�[�� �U�G�V�V�N�G�F��
�D�[�� �I�Q�N�F�G�P���Y�K�P�I�G�F�� �Y�C�T�D�N�G�T�U�� �
V. chrysoptera������ �#�N�V�J�Q�W�I�J�� �V�J�G�� �O�G�E�J�C�P�K�U�O�U�� �C�T�G�� �P�Q�V�� �G�P�V�K�T�G�N�[��
clear, novel overlap in the range of these two species predictably results in the reduction 
�Q�T�� �G�Z�V�K�T�R�C�V�K�Q�P�� �Q�H�� �V�J�G�� �I�Q�N�F�G�P���Y�K�P�I�G�F�� �Y�C�T�D�N�G�T�� �I�G�P�G�V�K�E�� �R�J�G�P�Q�V�[�R�G�� �=�������?�����6�C�M�G�P�� �V�Q�I�G�V�J�G�T����
these studies serve as a reminder that understanding the interactions between predators 
and competitors is required when maintaining or reintroducing particular species, and 
�V�J�C�V�� �Y�G�� �O�W�U�V�� �V�C�M�G�� �K�P�V�Q�� �C�E�E�Q�W�P�V�� �V�J�G�� �U�J�K�H�V�K�P�I�� �T�C�P�I�G�U�� �Q�H�� �V�J�G�� �V�J�G�U�G�� �J�G�V�G�T�Q�U�R�G�E�K�•�E�� �R�N�C�[�G�T�U��
in light of anthropogenic changes. 
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Climate changes may be the most concerning driver of external change to songbird 
cue-response systems in the near future. Temperature, and associated moisture levels, 
�F�T�K�X�G���E�J�C�P�I�G�U���K�P���X�G�I�G�V�C�V�K�X�G���T�C�P�I�G�U���=�������?���C�P�F���R�J�G�P�Q�N�Q�I�[���=�����������������?�����K�P�U�G�E�V���G�O�G�T�I�G�P�E�G���=�������?����
and may directly alter the physiological parameters that facilitate songbird survival. 
Thus, changes in temperature and moisture are likely to drive alterations in songbird 
�U�R�G�E�K�G�U�� �T�C�P�I�G�U�� �C�P�F�� �J�G�V�G�T�Q�U�R�G�E�K�•�E�� �K�P�V�G�T�C�E�V�K�Q�P�U���� �C�P�F�� �O�C�[�� �K�P�V�T�Q�F�W�E�G�� �H�Q�T�C�I�K�P�I�� �O�K�U�O�C�V�E�J�G�U��
during critical life stages such as migration and nestling provisioning. Although 
attempting to prevent climate change may be largely futile at the local management 
level, planning accordingly is critical. For example, the conservation-reliant Kirtland’s 
�Y�C�T�D�N�G�T�� �
Setophaga kirtlandii���� �D�T�G�G�F�U�� �R�T�K�O�C�T�K�N�[�� �K�P�� �G�C�T�N�[���U�W�E�E�G�U�U�K�Q�P�C�N�� �L�C�E�M�� �R�K�P�G�� �U�V�C�P�F�U��
�
Pinus banksiana������ �C�P�F�� �O�Q�U�V�� �Q�H�� �V�J�G�K�T�� �J�C�D�K�V�C�V�� �K�U�� �O�C�P�C�I�G�F�� �V�J�T�Q�W�I�J�� �K�P�V�G�P�V�K�Q�P�C�N�� �R�N�C�P�V�K�P�I��
�R�T�Q�I�T�C�O�U�� �K�P�� �/�K�E�J�K�I�C�P���� �7�5�#�� �=�������?�����$�W�V�� �U�Q�O�G�� �E�N�K�O�C�V�G�� �O�Q�F�G�N�U�� �K�P�F�K�E�C�V�G�� �V�J�C�V�� �H�W�V�W�T�G�� �L�C�E�M��
�R�K�P�G���U�V�C�P�F�U���Y�K�N�N���G�Z�K�U�V���N�C�T�I�G�N�[���V�Q���V�J�G���P�Q�T�V�J���K�P���V�J�G���%�C�P�C�F�K�C�P���R�T�Q�X�K�P�E�G�U���=�������?�����/�C�P�C�I�G�O�G�P�V��
must either recognize the Kirtland’s warblers reliance on the shifting jack pine range 
�C�P�F�� �C�E�V�� �C�E�E�Q�T�F�K�P�I�N�[�� �=�������?���� �Q�T�� �E�Q�P�U�K�F�G�T�� �H�C�E�K�N�K�V�C�V�K�P�I�� �W�U�G�� �Q�H�� �Q�V�J�G�T�� �J�C�D�K�V�C�V�U�� �=�������?����

The Rate of Change Problem 

Anthropogenic processes are quickly changing our landscapes. A moderately zoomed 
out aerial map of almost any location will reveal signs of human development. But 
ecosystems are not static, and neither is songbird behavior. In the preceding sections, I 
have outlined several instances where changes in behavior have been observed naturally 
�K�P�� �T�G�U�R�Q�P�U�G�� �V�Q�� �C�P�V�J�T�Q�R�Q�I�G�P�K�E�� �C�N�V�G�T�C�V�K�Q�P�� �=�����?���� �Q�T�� �C�U�� �C�� �T�G�U�W�N�V�� �Q�H�� �J�W�O�C�P�� �O�C�P�K�R�W�N�C�V�K�Q�P���=�����?����
The real question though, is whether songbird behavior can change fast enough to 
accommodate rapid anthropogenic change. In many cases the answer may be no. 
Migration research, for example, has indicated that shifting arrival and departure 
dates do not necessarily mitigate rising temperatures on the breeding grounds 
�=�������?�����%�Q�T�T�G�U�R�Q�P�F�K�P�I�N�[���� �Y�G�� �H�Q�W�P�F�� �V�J�C�V�� �V�J�G�� �C�T�T�K�X�C�N�� �V�G�O�R�G�T�C�V�W�T�G�� �C�V�� �C�� �H�C�N�N�� �U�V�Q�R�Q�X�G�T�� �U�K�V�G��
�K�P�� �9�G�U�V�G�T�P�� �/�K�E�J�K�I�C�P�� �K�P�E�T�G�C�U�G�F�� �Q�X�G�T�� �V�J�G�� �F�G�E�C�F�G�U�� �F�G�U�R�K�V�G�� �U�K�I�P�K�•�E�C�P�V�N�[�� �N�C�V�G�T�� �C�T�T�K�X�C�N��
�V�K�O�G�U�� �K�P�� �H�Q�W�T�� �E�Q�O�O�Q�P�N�[�� �E�C�R�V�W�T�G�F�� �U�J�Q�T�V���F�K�U�V�C�P�E�G�� �O�K�I�T�C�P�V�U���=�������?�����6�Q�� �G�U�V�K�O�C�V�G�� �V�J�G��
impact of anthropogenic change a-priori, I recommend assessing the rate of change in, 
�
�������V�J�G�� �C�P�V�J�T�Q�R�Q�I�G�P�K�E�� �X�C�T�K�C�D�N�G�� �Q�H�� �K�P�V�G�T�G�U�V�� �C�P�F���� �
������ �K�P�� �E�T�K�V�K�E�C�N�� �D�G�J�C�X�K�Q�T�C�N�� �U�[�U�V�G�O�U���� �#��
�F�[�P�C�O�K�E���C�P�F���€�G�Z�K�D�N�G���E�W�G���T�G�U�R�Q�P�U�G���U�[�U�V�G�O���O�K�I�J�V���D�G���D�G�V�V�G�T���R�T�G���C�F�C�R�V�G�F���V�Q���C�E�E�Q�O�O�Q�F�C�V�G��
change than largely innate or heavily selected behaviors. But it is good to remember 
that all cue-response systems have rate of change limitations and absolute limits to the 
range of potential changes on the short-term timescale. 

Behavioral Conservation and Management 

Where anthropogenic processes threaten to disrupt cue-response systems, mangers have 
two primary options: decrease the rate of anthropogenic change or increase the rate of 
behavioral change in animals by manipulating the learning process. Where possible, 
decreasing the rate of anthropogenic change is generally the preferred method. This may 
rightly sound intuitive, but it does contrast with the stark assessment that either human 
development or functional ecosystems must cease completely. If academics, managers, 
politicians, and communities can join forces to slow the rate of land transformation and 
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sensory pollution we may be able to buy time for cue-response systems to redevelop 
�C�P�F�� �C�F�L�W�U�V�� �V�Q�� �P�Q�X�G�N�� �E�W�G�U�� �C�P�F�� �U�J�K�H�V�K�P�I�� �Q�W�V�E�Q�O�G�U���� �2�T�C�E�V�K�E�C�N�� �I�W�K�F�G�N�K�P�G�U�� �O�K�I�J�V�� �K�P�E�N�W�F�G��
developing neighborhoods and urban landscapes slowly, preserving native vegetation 
whenever possible, reducing edge or patchy ecotones by maintaining the integrity of the 
tree canopy, maintaining areas of grass-shrub pollinator supporting patches, minimizing 
and dimming lighting, abating noise, etc. A parallel principle might also be to contain 
anthropogenic impacts within limited spatial areas, allowing organisms to accommodate 
these changes within a larger intact landscape. As a young adult who loved to hike 
and backpack in the United States, I was taught to leave the trail to urinate. The goal 
�
�K�P�� �C�F�F�K�V�K�Q�P�� �V�Q�� �R�T�K�X�C�E�[���� �Y�C�U�� �V�Q�� �U�R�T�G�C�F�� �V�J�G�� �J�W�O�C�P�� �K�O�R�C�E�V�� �C�E�T�Q�U�U�� �V�J�G�� �N�C�P�F�U�E�C�R�G���� �#�U�� �C��
graduate student in Canada, however, the advice of many in the outdoor community 
was to urinate directly on the trail – with the goal being to limit human impact to a 
small portion of the landscape. Urban centers are an example of this concept on a much 
larger scale. High impact in a spatially compact area. Taking this development principle 
to heart might also slow the overall rate of change across our native landscapes. 

Slow change might also be a pertinent principle for restoration efforts. Is converting 
�N�C�T�I�G���U�Y�C�V�J�U���Q�H���Q�N�F���•�G�N�F���K�P�V�Q���T�G�U�V�Q�T�G�F���R�T�C�K�T�K�G���K�P���Q�P�G���K�P�U�V�C�P�E�G���F�K�U�T�W�R�V�K�X�G���V�Q���E�Q�O�O�W�P�K�V�K�G�U��
that have already established there? Might a few acres at a time better increase diversity? 
Does a quick removal of all non-native species from a forest decimate vegetative cover to 
�V�J�G�� �R�Q�K�P�V�� �V�J�C�V�� �U�Q�P�I�D�K�T�F�U�� �C�T�G�� �P�Q�V�� �C�D�N�G���� �Q�T�� �P�Q�V�� �K�P�E�N�K�P�G�F���� �V�Q�� �P�G�U�V�� �K�P�� �V�J�G�U�G�� �J�C�D�K�V�C�V�U�!�� �2�G�T�J�C�R�U��
an incremental invasive removal program will allow birds to continue nesting until 
natives can take hold, even if productivity is somewhat lower. 

As ecologists we often have to recognize that there are many situations where we 
simply do not have the power to moderate the rate of development. Further, restoration 
of native habitats or the removal of sensory pollutants may be an impossibility in many 
circumstances. In these cases, it may be worth asking whether we can increase the rate of 
�D�G�J�C�X�K�Q�T�C�N���E�J�C�P�I�G���K�P���U�Q�P�I�D�K�T�F�U���V�J�G�O�U�G�N�X�G�U�����5�R�G�E�K�•�E�C�N�N�[�����E�C�P���Y�G���W�U�G���N�G�C�T�P�K�P�I���R�C�T�C�F�K�I�O�U��
to alter cue-response systems in songbirds to reduced or eliminate maladaptive 
responses? Manipulating behavior, just like manipulating genetics, may be unappealing 
to some. Some may consider this to be meddling in biological systems, which can 
have the potential for unexpected outcomes. But often the alternative is to be a casual 
�Q�D�U�G�T�X�G�T�� �Q�H�� �U�N�Q�Y�N�[�� �
�Q�T�� �T�C�R�K�F�N�[���� �F�G�E�N�K�P�K�P�I�� �R�Q�R�W�N�C�V�K�Q�P�U�� �C�U�� �G�X�Q�N�W�V�K�Q�P�C�T�[�� �O�K�U�O�C�V�E�J�G�U�� �H�C�K�N��
to resolve themselves quickly enough to facilitate recovery. For example, the recovery 
of small populations in many species may be inhibited by the Allee effect – which 
�R�Q�K�P�V�U�� �V�Q�� �C�� �T�G�N�K�C�P�E�G�� �Q�P�� �U�Q�E�K�C�N�� �K�P�V�G�T�C�E�V�K�Q�P�� �H�Q�T�� �U�W�E�E�G�U�U�H�W�N�� �D�T�G�G�F�K�P�I�� �=�������?�����%�C�P�� �O�C�P�C�I�G�T�U��
�C�T�V�K�•�E�K�C�N�N�[�� �E�T�G�C�V�G�� �V�J�G�� �C�R�R�G�C�T�C�P�E�G�� �Q�H�� �U�Q�E�K�C�N�� �I�T�Q�W�R�U�� �K�P�� �V�J�G�� �•�G�N�F�� �D�[�� �O�C�P�K�R�W�N�C�V�K�P�I�� �V�J�G��
�U�G�P�U�Q�T�[�� �G�P�X�K�T�Q�P�O�G�P�V�� �
�G���I������ �X�K�U�W�C�N�� �O�Q�F�G�N�U�� �C�P�F�� �X�Q�E�C�N�� �R�N�C�[�D�C�E�M���!�� �%�Q�W�N�F�� �T�G�K�P�V�T�Q�F�W�E�V�K�Q�P��
programs use similar cues in captive settings paired with live models from similar 
species? Certainly, the successful development of a new migratory route in a captive-
raised group of whooping cranes was a heavily manipulated management regime. Are 
there other areas, other ways, that we can manipulate behavior to enhance or rescue 
songbird populations? 

Several years ago, I worked with students to see if we could draw songbirds into 
�H�Q�T�G�U�V�G�F�� �C�T�G�C�U�� �P�G�C�T�� �N�Q�Y���W�U�G�� �T�Q�C�F�� �K�P�� �0�Q�T�V�J�G�T�P�� �/�K�E�J�K�I�C�P���� �2�T�G�X�K�Q�W�U�� �F�C�V�C�� �U�W�I�I�G�U�V�G�F��
that vehicular noise reduced bird abundance and diversity up to a kilometer from 
�T�Q�C�F�U�K�F�G�U�� �=�������?���� �$�W�V�� �O�[�� �Q�Y�P�� �Q�D�U�G�T�X�C�V�K�Q�P�U�� �Y�G�T�G�� �V�J�C�V�� �P�Q�K�U�G�� �N�G�X�G�N�U�� �Y�G�T�G�� �S�W�K�V�G�� �N�Q�Y�� �D�G�[�Q�P�F��
a few hundred meters from the roadway. I hypothesized that in these areas where noise 
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levels were low but not absent, entrenched cue-response systems prohibited settlement 
�D�G�E�C�W�U�G�� �R�T�G�H�G�T�T�G�F�� �J�C�D�K�V�C�V�U�� �Y�G�T�G�� �J�K�U�V�Q�T�K�E�C�N�N�[�� �S�W�K�G�V�� �=���?���� �6�Q�� �Q�X�G�T���T�K�F�G�� �C�X�G�T�U�K�Q�P�� �V�Q�� �N�Q�Y���N�G�X�G�N��
noise, we attempted to place another cue on the landscape known to enhance site 
�U�G�V�V�N�G�O�G�P�V�� �L�� �E�Q�P�U�R�G�E�K�•�E�� �U�Q�P�I���� �#�N�V�J�Q�W�I�J�� �Q�W�T�� �G�Z�R�G�T�K�O�G�P�V�C�N�� �R�T�Q�I�T�G�U�U�� �J�C�U�� �D�G�G�P�� �U�N�Q�Y���� �Y�G��
�Y�G�T�G�� �C�D�N�G�� �V�Q�� �F�T�C�Y�� �U�G�X�G�T�C�N�� �U�R�G�E�K�G�U�� �K�P�V�Q�� �T�Q�C�F�U�K�F�G�� �J�C�D�K�V�C�V�U�� �W�U�K�P�I�� �U�Q�P�I�� �R�N�C�[�D�C�E�M�� �=�������?���� �+��
close with this example to demonstrate an area where I see promise for using behavioral 
manipulation to advance conservation goals, but also to demonstrate the complexity 
�C�P�F�� �P�G�G�F�� �H�Q�T�� �E�C�W�V�K�Q�P���Y�J�G�P���O�C�P�K�R�W�N�C�V�K�P�I�� �D�G�J�C�X�K�Q�T���� �6�J�G���•�T�U�V���R�Q�K�P�V���K�U���V�J�C�V���V�J�G���V�T�C�K�P�G�F�� �Q�T��
�O�C�P�K�R�W�N�C�V�G�F�� �D�G�J�C�X�K�Q�T�� �
�U�G�V�V�N�G�O�G�P�V�� �K�P�� �N�Q�Y���P�Q�K�U�G�� �C�T�G�C�U�� �K�P�� �V�J�K�U�� �E�C�U�G���� �O�W�U�V�� �E�Q�P�H�G�T�� �C�� �•�V�P�G�U�U��
�D�G�P�G�•�V���� �1�T�� �C�V�� �V�J�G�� �X�G�T�[�� �N�G�C�U�V���� �K�V�� �O�W�U�V�� �P�Q�V�� �T�G�U�W�N�V�� �K�P�� �C�� �•�V�P�G�U�U�� �F�G�E�T�G�C�U�G�� �
�G���I������ �C�� �R�Q�R�W�N�C�V�K�Q�P��
�U�K�P�M������ �2�G�T�J�C�R�U�� �V�J�G�T�G�� �K�U�� �C�P�Q�V�J�G�T�� �K�O�R�C�E�V�� �Q�H�� �N�Q�Y���N�G�X�G�N�� �P�Q�K�U�G�� �Y�G�� �C�T�G�� �P�Q�V�� �C�E�E�Q�W�P�V�K�P�I�� �H�Q�T��
�
�G���I������ �F�K�U�V�T�C�E�V�K�Q�P���� �K�P�E�T�G�C�U�G�F�� �R�T�G�F�C�V�Q�T�U������ �+�P�� �Q�W�T�� �E�C�U�G���� �K�H�� �R�N�C�[�D�C�E�M�� �F�T�C�Y�U�� �D�K�T�F�U�� �H�T�Q�O�� �J�K�I�J��
quality areas into an area that is unsuitable, we will likely decrease productivity, and 
�V�J�W�U�� �R�Q�R�W�N�C�V�K�Q�P�� �U�W�U�V�C�K�P�C�D�K�N�K�V�[���� �%�Q�P�X�G�T�U�G�N�[���� �K�H�� �P�Q�P���V�G�T�T�K�V�Q�T�[�� �J�Q�N�F�G�T�U�� �
�K���G������ �€�Q�C�V�G�T�U���� �U�G�V�V�N�G��
and breed successfully, populations may increase. We must examine productivity and 
survivorship before using such a technique on a broader scale. Second, if birds are 
retrained to use a novel cue-response system, how will it be maintained? The positive 
outcome in response to the behavioral choice must be reinforced. Our hypothesis was 
that natal imprinting might facilitate site return by some individuals, and provide 
�E�Q�P�U�R�G�E�K�•�E�� �U�Q�P�I�� �H�Q�T�� �C�F�F�K�V�K�Q�P�� �I�G�P�G�T�C�V�K�Q�P�U�� �L�� �T�G�K�P�H�Q�T�E�K�P�I�� �G�U�V�C�D�N�K�U�J�O�G�P�V�� �Y�K�V�J�Q�W�V�� �C�T�V�K�•�E�K�C�N��
song playback. But this hypothesis remains untested. 

I invite you to consider how you might decrease the rate of anthropogenic changes 
and how you might increase the rate of behavioral change in the systems and species 
where you work. The challenges we face in the Anthropocene are profound. Those 
whose job and passion is to see songbirds thrive for generations to come will need to 
be creative. We must be ready to employ an array of conservation tools – and managing 
habitats and species in relation to behavior must be among these tools. 

Box 2 Anthropogenic and Behavioral Change 

�” �$�Q�W�K�U�R�S�R�J�H�Q�L�F �F�K�D�Qges will impact birds directly by removing required 
resources 

�”�� Anthropogenic changes will also impact bird behavior by altering cue-response 
systems 

�”�� Ignoring behavioral impacts might lead to subpar management. Two examples, 
include: 
�|�� Ignoring sensory ecology, which drives behavior and ultimately physical 

functions 
�|�� �+�I�P�Q�T�K�P�I�� �E�J�C�P�I�G�U�� �V�Q�� �U�R�G�E�K�G�U�� �T�C�P�I�G�U���� �Y�J�K�E�J�� �F�T�K�X�G�U�� �P�Q�X�G�N�� �J�G�V�G�T�Q�U�R�G�E�K�•�E��

interactions 
�”�� Anthropogenic change moves on a rapid scale 
�”�� Changes in songbird cue-response systems may not change rapidly enough to 

mitigate mismatches before irreversible negative impacts on populations and 
species are incurred 
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Box 2 (Contd.) Anthropogenic and Behavioral Change 

�”�� Where preventing change is not an option, slowing the rate of change might 
�R�T�Q�X�K�F�G�� �D�G�P�G�•�V�U�� �D�[�� �C�N�N�Q�Y�K�P�I�� �D�G�J�C�X�K�Q�T�C�N�� �E�W�G���T�G�U�R�Q�P�U�G�� �U�[�U�V�G�O�U�� �V�K�O�G�� �V�Q�� �C�F�L�W�U�V��
or shift 

�”�� Behavioral management falls into two primary categorie s 
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Sayornis phoebe������ �9�K�N�U�Q�P��
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intensity and parental effort in relation to prelaying carotenoid availability. Behav. Ecol. 
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�4�G�X���� �'�E�Q�N���� �'�X�Q�N���� �5�[�U�V���� �����
�������� �������L���������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������C�P�P�W�T�G�X���G�U������������������������������������
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[66]� �%�C�P�F�Q�N�K�P���� �7���� ������������ �6�J�G�� �W�U�G�� �Q�H�� �O�W�N�V�K�R�N�G�� �E�W�G�U�� �K�P�� �O�C�V�G�� �E�J�Q�K�E�G���� �$�K�Q�N�Q�I�K�E�C�N�� �4�G�X�K�G�Y�U���� �����
��������
�������L���������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������5����������������������������������

[67]� �(�W�U�C�P�K���� �.������ �,���� �$�C�T�U�M�G���� �.���&���� �&�C�[���� �/���,���� �(�W�Z�L�C�I�G�T�� �C�P�F�� �$���#���� �5�E�J�N�K�P�I�G�T���� ������������ �2�J�[�U�K�Q�N�Q�I�K�E�C�N�� �E�Q�P�V�T�Q�N��
of elaborate male courtship: female choice for neuromuscular systems. Neurosci. Biobehav. 
�4�G�X���� �������� �������L���������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������L���P�G�W�D�K�Q�T�G�X��������������������������

�=�����?�� �1�V�V�G�T�����-���#�������#�����/�E�M�G�P�P�C�����5���'�����.�C�<�G�T�V�G���C�P�F���5���/�����4�C�O�U�C�[�����������������%�Q�P�V�K�P�G�P�V���Y�K�F�G���U�J�K�H�V�U���K�P���U�Q�P�I��
�F�K�C�N�G�E�V�U�� �Q�H�� �Y�J�K�V�G���V�J�T�Q�C�V�G�F�� �U�R�C�T�T�Q�Y�U���� �%�W�T�T���� �$�K�Q�N���������
���������� ���������L���������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������L����
�E�W�D��������������������������

�=�����?�� �/�G�P�P�K�N�N���� �&���,������ �5���/���� �&�Q�W�E�G�V���� �#���'���/���� �0�G�Y�O�C�P���� �*���� �9�K�N�N�K�C�O�U���� �+���)���� �/�Q�T�C�P���� �+���2���� �6�J�Q�O�C�U���� �G�V�� �C�N����
������������ �9�K�N�F�� �D�K�T�F�U�� �N�G�C�T�P�� �U�Q�P�I�U�� �H�T�Q�O�� �G�Z�R�G�T�K�O�G�P�V�C�N�� �X�Q�E�C�N�� �V�W�V�Q�T�U���� �%�W�T�T���� �$�K�Q�N���� �����
���������� ����������������������
�G������ �J�V�V�R�U�������F�Q�K���Q�T�I�������������������L���E�W�D��������������������������

�=�����?�� �%�C�U�R�G�T�U���� �$���#������ �,���+���� �*�Q�H�H�O�C�P���� �2���� �-�Q�J�N�O�G�K�G�T���� �1���� �-�T�×�I�G�T�� �C�P�F�� �'���6���� �-�T�C�W�U�G���� ������������ �1�N�H�C�E�V�Q�T�[��
�K�O�R�T�K�P�V�K�P�I���C�U���C���O�G�E�J�C�P�K�U�O���H�Q�T���P�G�U�V���Q�F�Q�W�T���T�G�E�Q�I�P�K�V�K�Q�P���K�P���\�G�D�T�C���•�P�E�J�G�U�����#�P�K�O�����$�G�J�C�X���������
��������
�����L�������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������L���C�P�D�G�J�C�X��������������������������

[71]� �$�Q�P�C�F�Q�P�P�C�����(�����C�P�F���#�����5�C�P�\���#�I�W�K�N�C�T�����������������-�K�P���T�G�E�Q�I�P�K�V�K�Q�P���C�P�F���K�P�D�T�G�G�F�K�P�I���C�X�Q�K�F�C�P�E�G���K�P���Y�K�N�F��
�D�K�T�F�U���� �V�J�G�� �•�T�U�V�� �G�X�K�F�G�P�E�G�� �H�Q�T�� �K�P�F�K�X�K�F�W�C�N�� �M�K�P���T�G�N�C�V�G�F�� �Q�F�Q�W�T�� �T�G�E�Q�I�P�K�V�K�Q�P���� �#�P�K�O���� �$�G�J�C�X���� �����
��������
�������L���������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������L���C�P�D�G�J�C�X��������������������������

[72]� �-�T�C�W�U�G���� �'���6������ �1���� �-�T�×�I�G�T���� �2���� �-�Q�J�N�O�G�K�G�T�� �C�P�F�� �$���#���� �%�C�U�R�G�T�U���� ������������ �1�N�H�C�E�V�Q�T�[�� �M�K�P�� �T�G�E�Q�I�P�K�V�K�Q�P�� �K�P��
�C�� �U�Q�P�I�D�K�T�F���� �$�K�Q�N���� �.�G�V�V���� ���
�������� �������L���������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������T�U�D�N����������������������

�=�����?�� �%�C�O�C�E�J�Q�����%�������&�����%�C�P�C�N���C�P�F���,�����2�Q�V�V�K�����������������0�C�V�C�N���J�C�D�K�V�C�V���K�O�R�T�K�P�V�K�P�I���E�Q�W�P�V�G�T�C�E�V�U���V�J�G���F�K�X�G�T�U�K�H�[�K�P�I��
effects of phenotype-dependent dispersal in a spatially structured population. BMC Evol. 
�$�K�Q�N���� �����
�������� ���������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������U�������������������������������[��

�=�����?�� �/�Q�T�V�Q�P�����/���.�������/���9�����9�C�M�C�O�C�V�U�W�����/���'�����2�G�T�G�[�T�C���C�P�F���)���#�����/�Q�T�V�Q�P�����������������2�Q�U�V�€�G�F�I�K�P�I���F�K�U�R�G�T�U�C�N����
habitat imprinting and philopatry in a montane, migratory sparrow. Ornis Scandinavica 
�
�5�E�C�P�F�K�P�C�X�K�C�P�� �,�Q�W�T�P�C�N�� �Q�H�� �1�T�P�K�V�J�Q�N�Q�I�[������ �����
�������� �����L���������� �J�V�V�R�U�������F�Q�K���Q�T�I����������������������������������

[75]� �9�[�P�P���� �,������ �1���� �2�C�F�I�G�V���� �*���� �/�Q�W�T�K�V�U�G�P���� �%���� �2�G�T�T�K�P�U�� �C�P�F�� �6���� �)�W�K�N�H�Q�T�F���� ������������ �0�C�V�C�N�� �K�O�R�T�K�P�V�K�P�I�� �V�Q��
�V�J�G�� �'�C�T�V�J�O�U�� �O�C�I�P�G�V�K�E�� �•�G�N�F�� �K�P�� �C�� �R�G�N�C�I�K�E�� �U�G�C�D�K�T�F���� �%�W�T�T���� �$�K�Q�N���� �����
���������� ���������L�����������G������ �J�V�V�R�U�������F�Q�K����
�Q�T�I�������������������L���E�W�D��������������������������

[76]� �$�T�Q�V�J�G�T�U���� �,���4���� �C�P�F�� �-���,���� �.�Q�J�O�C�P�P���� ������������ �'�X�K�F�G�P�E�G�� �H�Q�T�� �I�G�Q�O�C�I�P�G�V�K�E�� �K�O�R�T�K�P�V�K�P�I�� �C�P�F�� �O�C�I�P�G�V�K�E��
�P�C�X�K�I�C�V�K�Q�P�� �K�P�� �V�J�G�� �P�C�V�C�N�� �J�Q�O�K�P�I�� �Q�H�� �U�G�C�� �V�W�T�V�N�G�U���� �%�W�T�T���� �$�K�Q�N���� �����
�������� �������L�����������J�V�V�R�U�������F�Q�K����
�Q�T�I�������������������L���E�W�D��������������������������

[77]� �.�Q�J�O�C�P�P�����-���,�������0���(�����2�W�V�O�C�P���C�P�F���%���/���(�����.�Q�J�O�C�P�P�����������������)�G�Q�O�C�I�P�G�V�K�E���K�O�R�T�K�P�V�K�P�I�����C���W�P�K�H�[�K�P�I��
�J�[�R�Q�V�J�G�U�K�U���Q�H���N�Q�P�I���F�K�U�V�C�P�E�G���P�C�V�C�N���J�Q�O�K�P�I���K�P���U�C�N�O�Q�P���C�P�F���U�G�C���V�W�T�V�N�G�U�����2�����0�C�V�N�����#�E�C�F�����5�E�K�����7�5�#����
�������
���������� �����������L�������������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������R�P�C�U������������������������

�=�����?�� �2�W�V�O�C�P���� �0���(������ �'���5���� �,�G�P�M�K�P�U���� �%���)���,���� �/�K�E�J�K�G�N�U�G�P�U�� �C�P�F�� �&���.���)���� �0�Q�C�M�G�U���� ������������ �)�G�Q�O�C�I�P�G�V�K�E��
imprinting predicts spatio-temporal variation in homing migration of pink and sockeye 
�U�C�N�O�Q�P���� �,�Q�W�T�P�C�N�� �Q�H�� �6�J�G�� �4�Q�[�C�N�� �5�Q�E�K�G�V�[�� �+�P�V�G�T�H�C�E�G���� �����
���������� ���������������������J�V�V�R�U�������F�Q�K���Q�T�I��������������������
�T�U�K�H����������������������

�=�����?�� Teitelbaum, C.S., S.J. Converse, W.F. Fagan, K. Böhning-Gaese, R.B. O’Hara, A.E. Lacy, 
�G�V�� �C�N���� ������������ �'�Z�R�G�T�K�G�P�E�G�� �F�T�K�X�G�U�� �K�P�P�Q�X�C�V�K�Q�P�� �Q�H�� �P�G�Y�� �O�K�I�T�C�V�K�Q�P�� �R�C�V�V�G�T�P�U�� �Q�H�� �Y�J�Q�Q�R�K�P�I�� �E�T�C�P�G�U�� �K�P��
�T�G�U�R�Q�P�U�G�� �V�Q�� �I�N�Q�D�C�N�� �E�J�C�P�I�G���� �0�C�V���� �%�Q�O�O�W�P���� ���
�������� �������������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������P�E�Q�O�O�U������������

�=�����?�� �,�Q�F�N���� �-���/������ �#���� �/�K�E�J�C�G�N���� �1���� �/�C�N�C�P�E�J�W�M���� �,���5���� �'�E�E�N�G�U�� �C�P�F�� �#���� �5�C�O�G�T�Q�H�H���� ������������ �2�C�T�G�P�V�U�O�� �T�Q�N�G�U�� �K�P��
�U�J�C�R�K�P�I�� �G�C�T�N�[�� �C�F�Q�N�G�U�E�G�P�V�U�O�� �Q�E�E�W�R�C�V�K�Q�P�C�N�� �C�U�R�K�T�C�V�K�Q�P�U���� �%�J�K�N�F�� �&�G�X�G�N�Q�R�O�G�P�V���� �����
�������� ���������L������������
�J�V�V�R�U�������F�Q�K���Q�T�I��������������������������������������������������

�=�����?�� �/�C�T�\�N�W�H�H���� �,���/������ �,���� �9�C�N�N�U���� �*���0���� �%�Q�T�P�G�N�N���� �,���%���� �9�K�V�J�G�[�� �C�P�F�� �&���2���� �%�T�C�K�I���� ������������ �.�C�U�V�K�P�I�� �T�G�E�Q�I�P�K�V�K�Q�P��
�Q�H�� �V�J�T�G�C�V�G�P�K�P�I�� �R�G�Q�R�N�G�� �D�[�� �Y�K�N�F�� �#�O�G�T�K�E�C�P�� �E�T�Q�Y�U���� �#�P�K�O���� �$�G�J�C�X���� �����
�������� �������L�����������J�V�V�R�U�������F�Q�K����
�Q�T�I�������������������L���C�P�D�G�J�C�X��������������������������

�=�����?�� �%�Q�T�P�G�N�N�����*���0�������,���/�����/�C�T�\�N�W�H�H���C�P�F���5�����2�G�E�Q�T�C�T�Q�����������������5�Q�E�K�C�N���N�G�C�T�P�K�P�I���U�R�T�G�C�F�U���M�P�Q�Y�N�G�F�I�G���C�D�Q�W�V��
�F�C�P�I�G�T�Q�W�U���J�W�O�C�P�U�� �C�O�Q�P�I�� �#�O�G�T�K�E�C�P�� �E�T�Q�Y�U���� �2�T�Q�E�G�G�F�K�P�I�U�� �Q�H�� �V�J�G�� �4�Q�[�C�N�� �5�Q�E�K�G�V�[�� �$���� �$�K�Q�N�Q�I�K�E�C�N��
�5�E�K�G�P�E�G�U���� �������
�������������� �������L���������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������T�U�R�D����������������������
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�=�����?�� �'�O�G�T�[���� �0���,���� �C�P�F�� �0���5���� �%�N�C�[�V�Q�P���� ������������ �'�H�H�G�E�V�U�� �Q�H�� �G�Z�R�G�T�K�G�P�E�G�� �C�P�F�� �U�Q�E�K�C�N�� �E�Q�P�V�G�Z�V�� �Q�P�� �R�T�Q�U�R�G�E�V�K�X�G��
�E�C�E�J�K�P�I���U�V�T�C�V�G�I�K�G�U���D�[���U�E�T�W�D���L�C�[�U�����0�C�V�W�T�G�����������
���������������������L�����������J�V�V�R�U�������F�Q�K���Q�T�I������������������������������������

�=�����?�� �5�C�O�K�C���� �&���5���/������ �&���6���� �$�N�W�O�U�V�G�K�P���� �/���� �&�È�C�\���� �6���� �)�T�K�O���� �,���&���� �+�D�¶�Ì�G�\���•�N�C�O�Q���� �,���� �,�Q�M�K�O�¼�M�K���� �G�V�� �C�N���� ������������
Rural-urban differences in escape behavior of european birds across a latitudinal gradient. 
�(�T�Q�P�V���� �'�E�Q�N���� �'�X�Q�N���� ������ �������� �J�V�V�R�U�������F�Q�K���Q�T�I�������������������H�G�X�Q������������������������

�=�����?�� �,�C�T�L�Q�W�T�����%�������,���%�����'�X�C�P�U�����/�����4�Q�W�V�J���C�P�F���,�����/�Q�T�C�P�F���(�G�T�T�Q�P�����������������&�Q�G�U���E�K�V�[���N�K�H�G���T�G�F�W�E�G���P�G�Q�R�J�Q�D�K�C�!��
�C���U�V�W�F�[���Q�P���Y�K�N�F���D�N�C�E�M���E�C�R�R�G�F���E�J�K�E�M�C�F�G�G�U�����$�G�J�C�X�����'�E�Q�N���������
���������������L�����������J�V�V�R�U�������F�Q�K���Q�T�I��������������������
beheco/arz167 

�=�����?�� �8�C�P���&�Q�P�U�G�N�C�C�T�����,���.�������,���.�����#�V�O�C�����<���#�����-�T�W�[�H�����*���0�����.�C�%�T�Q�K�Z���C�P�F���&���5�����2�T�Q�R�R�G�����������������7�T�D�C�P�K�\�C�V�K�Q�P��
�C�N�V�G�T�U���H�G�C�T���D�G�J�C�X�K�Q�T���K�P���D�N�C�E�M���E�C�R�R�G�F���E�J�K�E�M�C�F�G�G�U�����7�T�D�C�P���'�E�Q�U�[�U�V���������
�����������������L�������������J�V�V�R�U�������F�Q�K����
�Q�T�I�������������������U����������������������������������

�=�����?�� �/�C�I�T�C�V�J���� �4���&������ �6���/���� �*�C�H�H���� �,���4���� �/�E�.�C�E�J�N�C�P�� �C�P�F�� �$���� �+�I�K�E���� ������������ �9�K�N�F�� �D�K�T�F�U�� �N�G�C�T�P�� �V�Q�� �G�C�X�G�U�F�T�Q�R��
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